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+5V 


-12V 
DB — Data Bits to/from SC/MP 
MB - Memory Bits from RAM/ROM 
Value (+ 5%) AD - Address bits from SC/MP 
[mal —  ‘Stake-holes’ on printed circuit board 
22uf, 15V 10K2, %W res U 
4.7uf, 35V 1202,%W O — Connection points for pre-wired or 
1.0uf, 50V 5.1K2, %4W user supplied jumpers 
0.1uf, 50V 27082, %W : 
510%, %W NOTE: C6, C7, C11-C14 not shown are <i Carded ae 
‘ connected between +5V and GND. ae — Optional user-supplied components 
Optional (See Chapter 3) ba (See chapter 3) 
— 


cg 22uf, 15V 
c10 4.7uf, 35V 
C11-C14 | 0.1uf, 50V 


NS 10494 


Figure 2-2. SC/MP Kit Schematic 


2-5/2-6 


09 
LM320MP —12 
-12V : 2 ay 4+5V 
ie (aed a 
1 : apoo9 = 3 | — 
R 
c8 1 Apoo 5 
= 19 MB4 
Apo1 «6 
+5V 7 MB2 
+5V ADO04 9 
ADOS 10 
Apo6 11 
r: 
x1 
‘ 
AD11 
5B 5B AD10 
1 x 5 
.ESET W7 O 
<P13}—f7] AD09 < MB4 - MB? 
E AD08 
MBO - MB3 
ADO7 
S ADO6 


M apos 


+5V P apo4 [2 
(ISP-8 /500D) x 
R6 DB3 Apo3 [2 
Ty —IN(-) <ZP6| —12V ; ac 
DB2 apo2 }2 
A 
2€ 
tao DB1 ADO1 aa 
DBO apoo $2 - 
5B SENSE A SIN \ SietLsee 
ine | re 
ae : 
YIN (+) <5] O SENSE B sout | ose 7 a 
ae Z FLAG 0 FLAG 2 $22 mes. 8 i308 
B y jim 
20 
TY — OUT (+) <P 12] ae bea 3 +5V Veg FLac1 DB3. 9 ae 


DBO - DB 


+5V 


Data Bits to/fro 
MB _— Memory Bits fro! 
AD _ Address bits from 

_  ‘Stake-holes’ on 


22uf, 15V 10K22, %“4W 
4.7uf, 35V 1202, %W 
1.0uf, 50V 5.1KQ2, “ZW 
0.1uf, 50V 27022, %4W 

51082, ZW 


Ref. 
Desig. Value (+ 5%) 
R3 


ES 

Jn — Connection poin 

OO user supplied ju 
<a ae Card-edge pins 

a — Optional user-su! 

por (See chapter 3) 


22uf, 15V 
4.7uf, 35V 
C11—C14 | 0.1uf, 50V 


MP Kit Schematic 


ODN HDW &WN 


8088 
OFFF 


OFFF 
OFFE 
OFFD 
OFFB 


OFFI 


OFF7 
8000 
9681 


0093 
8085 
6096 
0888 
8009 
880B 
BBBC 
BBBE 
GOOF 


9001 
GB82 
9003 


BREE 


9800 
BREE 
REE 
PFFC 
PEFA 
FFF8 


OFF6 


Appendix B 


KITBUG PROGRAM LISTING 


e 


.TITLE KITBUG,’ P@0937A 12/1/75° 


gRRRKEREREARHREEREKERERERHESREKE ERE RERH KH ERRA RARER AONE AS EAR EE EES 


. 
3* 
sERERNEKRENRHRARREEEKERAARA ARERR RENEE HES EER IAEA AEE RE RAE ARAN ES ES 
j 
P) = } 
P2 = 2 
P3 = 3 
EXOFF = -j 
. PAGE “STACK ASSIGNMENTS ~ 


» LOCAL 


; FIXED STACK ASSIGNMENTS 


-=OFFF 

STACK: 

SR = »~-~STACK 
EX ie ~--STACK 
ach ee ence 
PT2 seis ~-~STACK 
PT] tess ~-~STACK 
PC eee? »-~STACK 
Lares = -] 


PAGE “DEBUG ENTRY AND EXIT’ 
»LOCAL , 


ON A SOFTWARE HALT, HARDWARE USES THE FOLLOWING WORDS 
TO SAVE THE ENVIROMENT. 


=e se se Se 


-=0 

NOP 

START: JMP ENTER 

+ DEBUG EXIT —- RESTORE ENVIROMENT AND GO. 

Bx ns LD STACK+EX + RESTORE E REG 
XAE 
LD STACK+PT] s RESTORE Pl 
XPAH Pl 
LD STACK+PT1+4+] 
XPAL Pl 
LD STACK+PT2 : RESTORE P2 
XPAH P2 
LD STACK+PT2+] 


B-1 


WODAIHDMN S&WH He 


9000 
OFFF 


OFFF 
OFFE 
OFFD 
OFFB 


OFFO 


OFF7 
BOOB 
860) 


8003 
8885 
8806 
0008 
8889 
880B 
BBBC 
BOBE 
O6080F 


0001 
GB882 
9003 


BEEP 


9988 
EEE 
LD Na gS 
EFFEC 
BPA 
PRES 


OFF6 


08 
981D 


COFA 
01 
COF2 
35 
COFO 
31 
COEE 
36 
COEC 


Appendix B 


KITBUG PROGRAM LISTING 


-TITLE KITBUG, P@8937A 12/1/75" 


g KERR RHR KKK IKKE KHER KEKHKEKKKKEEKKEKK KEKE KRKK KKK KKK 


'U 
ise) 
fou on 


1 
2 
3 


hm- 
Pd 
oO 
ry 
t) 

" 


oat 


. PAGE “STACK ASSIGNMENTS ~ 
eLOCAL 


; FIXED STACK ASSIGNMENTS 


~=OFFF 

STACK: ; 

SR = »-~STACK 
-=.-] 

EX = »-~STACK 
— -]j 

AC = ~~ SLACK 
-=.-2 

PT2 = »-~S TACK 
-=.~-2 

PT] = ~~STACK 
=,-2 

PC = ~-STACK 

P2ADR = =} 
- PAGE “DEBUG ENTRY AND EXIT’ 
» LOCAL 


ON A SOFTWARE HALT, HARDWARE USES THE FOLLOWING WORDS 
TO SAVE THE ENVIROMENT. 


=e =e te se 


= 
NOP 
START: JMP ENTER 


DEBUG EXIT — RESTORE ENVIROMENT AND GO. 


e =e fe 


EXIT LD STACK+EX ; RESTORE E REG 
XAE 
LD STACK+PT] ; RESTORE Pl 
XPAH Pl 
LD STACK+PT]+] 
XPAL Pj 
LD STACK+PT2 ; RESTORE P2 
XPAH P2 
LD STACK+PT2+] 


B-1 


114 
LS 
116 
DT 
118 
a9 
128 
E21 


6011 
8012 
6614 
0815 
0817 
8018 
OB1A 
881C 
881D 
OO1F 


A) 
8822 
0823 
8025 
8826 
0028 
0029 
002B 
882C 
O82E 
062F 
9831] 
8032 
8634 
0835 
0837 
0838 


@63A 
G63C 
083D 
O93F 
0848 
0842 
0043 
0045 
0046 
8848 
8849 
004B 
884C 
QO4E 
OO4F 
685] 
8853 
6855 


(A =e se se 


CC) ~e se se se se se 


=e =e se te se Se 


¢ 


. PAGE Weie) 
~ LOCAL 


X PAL P2 
LD STACK+PC + PUT DESIRED PC IN P3 
XPAH P3 \ 
LD STACK+PC+] 
XPAL P3 
LD @EXOFF(P3) : ADD EXIT OFFSET TO PC 
LD STACK+SR > RESTORE SR 
CAS 
LD STACK+AC 
XPPC P3 

DEBUG ENTRY POINT 

NTER: ST STACK+AC 

CSA 
sy STACK+SR 
XAE : SAVE EXTENSION REGISTER 
oT STACK+EX 
XPAH P2 : POINTER 
ST STACK+PT2 
XPAL P2 
St STACK+PT2+] 
XPAH P} : STACK 
ST STACK+PT] 
XPAL Pl 
ST STACK+PT] +] 
XPAH P3 
ST STACK+PC 
X PAL P3 
ST STACK+PC+] 
. PAGE “MAIN COMMAND LOOP’ 
SLOCAT: © 

THIS CODE INITIALIZES POINTER REGISTERS AND (* 

PROMPTS FOR AND GETS THE NEXT COMMAND. 

ON EXIT, E HOLDS THE COMMAND CHARACTER 

MDLP: LDI L(P2ADR) ain 
XPAL P2 ia 
LDI H (P2ADR) 
XPAH P2 
EDI H(PUTC) > PRINT CR=LF 
XPAH P3 
LDI L(PUTC) =] ? 
XPAL P3 
LDI OD 
XPPC P3'¢ > PRINT CR 
LDI OA 
XPPC P3 > PRINT LF 
LDI — 
XPPC P3 
Js P3,GECO ; GET COMMAND CHARACTER 


RESTORE MACHINE STATE AND TRANSFER CONTROL 


TO SPECIFIED ADDRESS. 


G ADDRESS 


B-2 


Ps 

STACK oe PC 
my 
oreceeert=) 
ee | 
wre?) 0) ie STP PSE TO. PC 
wtp tas ah te Oe Mr 


“ve 


, eee anernen pC TW Pa 


= 


a 


‘ 
hip | 
ied p 
| | Oe et he EBRD TAC PER 
wim TA im ha Ph wee Phe, Comat 


nan 
Lard 
bog 9 
. Site He ISTER 
o 
‘* 
mn thw 


. 


B-7 


373 . PAGE ePUTC 
4 374 LOCA 
: 375 ; 
376 « PUT=CHARACTER “IN ACSTOMTTY,. ALL RECS SAVED. 
Wi] ; IF INPUT DETECTED, CONTROL PASSES TO PROMPT. 
378 ; NOTE: TTY LOGIC LEVELS ARE INVERTED FOR OUTPUT 
379 : 
3868 81C5 61 PUTC: XAE 
381 81C6 C4FF LDI 255 
382 01C8 8F17 DLY 23 
383 B1CA 86 CSA ; SET OUTPUT BIT TO LOGIC @ 
384 81CB DC#)l ORI } : FOR START BIT. (NOTE INVERSION) 
385 61CD 87 CAS 
386 B@1CE C409 LDI 9 ; INITIALIZE BIT COUNT 
387 @1D0 CAFF ST ~1(P2) 
388 81D2 C48A $1: LDI 138 ; DELAY 1] BIT TIME 
389 61D4 8FO8 DLY 8 
392 01D6 BAFF DLD -](P2) ; DECREMENT BIT COUNT. 
391 81D8 9818 Lz SEXIT 
392 BO1DA 40 LDE > PREPARE NEXT BIT 
393 81DB D401< ANI } 
394 @1DD CAFE ST —2(P2) 
395 O1DF 81 XAE ; SHIF DATA RIGHT 1 BIT 
396 B1E0 1C SR 
397 B1E1 #1 XAE 
398 B1E2 06 CSA > SET UP OUTPUT BIT 
399 01E3 DC#l ORI i! 
40@ O1ES5 E2FE XOR —2(P2) 
481 @1E7 87 CAS > PUT BIT TO TTY 
402 @1E8 9BE8 JMP $] 
403 B1EA 06 SEXLT. CSA ; SET STOP BIT 
404 @1EB D4FE ANI QFE 
495 @1ED 07 CAS 
. 406 @1EE D420 ANI 020 ; CHECK FOR KEYBOARD INPUT 
) 407 ®1FO 9803 ig $2 ; ATTEMPTED INPUT (NOTE THAT 
408 : INPUT IS NOT INVERTED) 
409 @1F2 3F XPPC P3 ; RETURN 
410 01F3 90D JMP PUTC 
411 @1F5 C400 $2 Js P3,CMDLP 
@1F7 37C4 
B1F9 3933 
S1FB 3F 
412 0000 . END 
lial @ ERRORS IN ASSEMBLY -****#** 
$1& $1 ( $1) S1+ $2% S2i¢ $2) $2* $2+ $3( 
0072 OOF3 0148 01D2 6270 B1GBE 0167 G18A B1FS @11D 
$3) $3* $4& $4( $4) $5( $5) $6 ( $6) SEXIT+ 
0169 @1A7 0085 G11A 0174 0123 Q15E OBE2 8179 B1EA 
$LOOP( S$LOOP* SRET( SSKIP% SSKIP& AC CMDLP ENTER ERROR EX 
QOF9 819C 0104 0862 @acc FFFE O03A 0020 GBCC FFFF 
EXIT EXOFF GECO GHEX GHEX2 GO LOOP] MOD P} P2 
9083 FFFF 0186 BOEO @8DC 0956 88B7 0067 000) 6202 
P2ADR P3 PC PHEX] PHEX2 PT} PT2 PUTC SR STACK 
OFF6 0803 FFF8 @13E 0144 FFFA FFFC @1C5 0008 OFFF 
START TYPE 
0061 0062 
FCB3 O8EO 


oul a 
; YM 
> 
. a 4 P ya 
‘ar 
wer : ‘ 
wr 
¢ 
- 
: : ae 
7 ' - 


Table C-2. Printout of ““One-Shot”’ Program Using Type Command 


C-3 


8856 48 

8857 E447 
8859 9CB7 
985B 3F 

885C E48D 
BOSE 98A3 
0868 9B6A 


0062 40 
0063 E454 
9865 9809 
0067 48 
6068 E44D 
GG6A 9C6B 
B06C C4B6 
QO6E 9002 
9078 C41 
6072 CEFF 
0074 C400 
6076 37C4 
0078 DF33 
GO7A 3F 
887B E48D 
@87D 9C4D 
Q07F C6) 
0081 35 
0082 C601 
0084 3] 
8085 C401 
0087 37 
0088 C4C4 
G08A 33 
908B C4@D 
O08D 3F 
GO8E C4BA 
0090 3F 
0091 35 
9092 61 
9093 40 
0094 35 
6095 C48] 
9897 37 
9098 C443 
Q09A 33 
009B 49 
809C 3F 
@09D 31 
G09E Ol 
OO9F 48 
OGA0 3) 
QGAl 40 
O@A2 3F 
O9A3 C501 
OGAS 3F 


OBA6 C289 
88A8 YCDB 
OBAA C40) 
OBAC 37C4 
BOAE 8533 
O80BB 3F 


GO: 


SSKIP: 


wy =e =e te 


YW PE: 


= 
Oo 
0 


$2: 
Sitl § 


$4: 


- PAGE 
» LOCAL 


“TYPE” 


$1 
] 
@-1 (P2) 
P3 ,GHEX 


H(PUTC) 
B3 
L{PUTC) 


Pl 
H (PHEX2 
P3 


L(PHEX2)-~] 


P3 


P3 
Pi 


Pl 


P3 
@] (Pl) 
P3 


(P2) 
$4 
P3,GECO 


TYPE OR MODIFY MEMORY. 


=] 


) 


B-3 


° 
, 


=e =e 


=e =e 


~e 


=e 


~e 


~e se se 


=e te 


=e Ne Ne 


CALL GECO 


CHECK FOR TYPE COMMAND, IF 
NOT “T°, SKIP COMMAND. 


SAVE FLAG FOR TYPE OR MODIFY 
GET ADDRESS 


CHECK TERMINATOR 


PUT STARTING ADDRESS IN STACK 


PRINTS CR-LE 


PRINT CR 


PRINT LF 
PRINT HIGH BYTE 
READ AND RESTORE BYTE FROM P] 


CALL PHEX2 
PRINT LOW BYTE 


CALL PHEX] 


PRINT 2-DIGIT HEX FOLLOWED BY 
BLANK (PHEX]) 
CHECK TYPE OR MODIFY FLAG 


88Bl 
88B3 
68B5 
88B7 
89B9 
0@BB 
88BD 
OOBF 
B8CH 
GBC2 
99C4 
90C6 
88C8 
OBCA 
8BCC 


BBCC 
BOBCE 
OOCF 
09D] 
BBD2 
88D4 
99D5 
08D7 
88D8 
QODA 


8@DC 
QODE 
BOER 
BOE2 
QBE4 
QBE6 
OOE7 
OOE9 
O@BEB 
BBEC 
OBEE 
OOFO 
OOF2 
BOF3 
OOF5 
OOF7 
QOF9 
OBFA 
QOFB 
89FD 
OOFF 
8190 
8162 


XRI 8D B) 
JZ $4 eo 
XRI 615 ; ®D XOR-018 (CAN) 


LOOP] 2 JZ CMDLP 


Js P3 ,GHEX2 
XRI 8D 

JNZ ERROR 

LD @] (P2) 
LD @] (P2) 
ST =] (Pl) 
JMP $4 


SSKIP: 


. PAGE “ERROR PROCESSING’ 


PHOCAL 
> PRINT CARRAIGE RETURN , LINE FEED AND LOOP 
; TO THE TOP OF THE COMMAND LOOP. 
ERROR: LDI H(PUTC) > PRINT LINE FEED 
XPAH P3 
LDI L(PUTC) -] 
X PAL P3 
LDI OA 
XPPC P3 
LDI tei 
XPPC P3 
LDI g 
JMP LOOP] 
. PAGE “HEX NUMBER INPUT’ ¢ 
LOCAL 


GHEX GETS A 16-BIT VALUE AND PUSHES IT TO THE STACK. 
GHEX2 ASSUMES THE FIRST CHAR IS IN THE E REGISTER. 
ONLY THE LAST 4 INPUT DIGITS ARE SAVED. 


RETURNS VALUE IN TOP 2 WORDS OF STACK AND TERMINATOR 
IN THE AC AND EX REGISTERS. 


e@ 30 se =e =e Se tO MO 


GHEX2: LDI Z 


JMP $6 
GHEX: LDI ") ; RESET GHEX2 FLAG 
S63: ST -5(P2) 
LD L(GECO) -] ; SAVE RETURN ADDRESS AND SET UP 
XPAL P3 : TO GECO 
ST @-3 (P2) ; STORE RETURN ADDRESS TO LEAVE ROOM 
LDI H(GECO) : FOR RESULT 
XPAH P3 
oT @—-1 (P2) 
LD ~1(P2) 
JINZ $1 : 
XPPC P3 
$l: LDI 0 > INITIALIZE RESULT TO @ 
ST 3(P2) 
ST 2(P2) 
SLOOP: LDE 
SCL 
CAI “9°+] ; CHECK FOR @~-9 
JP $2 ; NOT @-9, TOO LARGE 
SCE 
CAI “9°~°9°=1 ; CHECK FOR 0-9 
JP oo ; IF POSITIVE, NUMBER IS 


B-4 


8104 
8166 
8167 
8169 
B1BA 
016B 
819C 
B1BE 
G10F 
0111 
8113 
8114 
0116 
0118 
B11A 
011B 
611D 
O11F 
812) 
8123 
0124 
0126 
8128 
812A 
812C 
G12E 
81390 
8132 
8134 
8135 
8137 
0139 
813B 
G13C 


O13E 
8148 
0142 
6144 
0146 
8148 
014A 
014C 
814D 
614F 
815] 

0152 
0154 
0156 
8158 
B15A 
815B 
815C 
815D 
B15E 
B15F 
016] 

8163 
8165 


SRET: 


Si 


S4: 


S33 


S51 


IN AC, 


TO se se se se te 


HEX]: 


PHEX2: 


Sis: 


$53 


-» PAGE 


- LOCAL 


ST 
LDI 
JMP | 
ST 
LDI 
ST 
LDI 
XPAL 
ST 


@1(P2) 
P3 
@1 (P2) 
P3 


P3 
GHEX 


=e se te 


7e =e 


IN RANGE AND CONVERTED. 
NUMBER IS NOT A HEX DIGIT, 
RETURN 


CHECK FOR DIGITS A-F, 
NUMBER TOO LARGE 


DIGIT BETWEEN A&F 


ADJUST DIGIT VALUE FOR 1-16 

SAVE ADJUSTED DIGIT 

SET UP BIT COUNTER®FOR 
SHahee 

SHIFT HEX DIGIT LEFT ONE 
DIGIT, ONE BIT EACH 
TIME THROUGH LOOP. 


ADD CURRENT DIGIT INTO 
NUMBER 


GET NEXT CHAR 
AND LOOP 


“HEX NUMBER OUTPUT’ 


@-1] (P2) 
020 


@-1 (P2) 
L(PUTC) 
P3 
Tat 0 72) 
H (PUTC) 
P3 

@-1 (R2) 
2 

@=1 (P2) 
4(P2) 


PRINT HEX NUMBER WITH TRAILING BLANK (PHEX1]) OR 
WITHOUT IT (PHEX2). 


NUMBER TO BE PRINTED IS 


= 


=e se te Se se te Se tO 


=e te 


=e 


SAVE AC 

SET FLAG TO PRINT BLANK AFTER 
NUMBER 

SAVE AC 

CLEAR FLAG TO PRINT BLANK 
AFTER NUMBER 

LOAD ADDRESS OF PUTC TO P3 
AND SAVE RETURN ADDRESS 


SET FLAG FOR 1ST NUMBER 


GET ORIGINAL VALUE 
SHIFT TO LOW 4 BITS 


CONVERT TO ASCII 


NUMBER IS A THRU F 


0167 
8169 
B16A 
816C 
B16E 
8170 
@172 
8174 
0176 
8178 
0179 
G17B 
817C 
O17E 
O17F 
0181 
8183 
0184 


0186 
9188 
B18A 
018B 
018D 
G18F 
@191 
8193 
0194 


9196 


9198 
8199 
819B 
819C 
B19E 
G1AB 
G1Al 
G1A3 
@1A5 
O1A7 
B1A9 
B1AA 
01AB 
B1AC 
81AD 
O1AE 
81B0 
B1B2 
81B3 
81B5 
81B7 
01B8 
81BA 
81BB 
81BD 
Q1BE 
B1C0 
01C1 
G1C2 
81C3 


$4: 


$6: 


=e <0 te NO 


GECO: 


S2i: 


SLOOP: 


Sere 


CSA 
ORT 
XOR 
CAS 
DLD 
JNZ 
CSA 
ANI 
CAS 
DLY 
LDE 
ANI 
XAE 
LDE 
XPPC 
JMP 


@1(P2) 


8 
ah ek 3 21720 


020 
$2 
87 
4 


—2(P2) 


THE -]1 TAKES CARE OF CARRY IN 
PRINT NUMBER 


=e Ne 


GET ORIGINAL NUMBER 
MASK 2ND DIGIT 


=e =e 


CHECK FOR PRINTING BLANK 


=e 


IF NOT @, PRINT BLANK 
RESTORE RETURN ADDRESS 


3e te 


RESTORE STACK AND AC 


RETURN 


=e 


GECOMESS USED VEOROKEY BOARD GNPUT SO) LTAECHOSS THE 
CHARACTER BUT DOES NOT ENABLE 


THE READER RELAY. 


SET COUNT = 8 


=o 


a WAT DORM SAR Bian 


; NOT FOUND 
}; DELAY 2/2 BIT TIME 


* IS START Bit SP rit OH bRiee 
ls NO 

*) SEND START  BEtmONO mem lbiant 
° OUTPUT IS INVERTED) 

> DELAY ] BIT TIME 


; GET BIT -(SENSEB) 


SAVE BIT VALUE (@ OR 1) 
ROTATE INTO LINK 


=e 3<O 


SHIFT INTO CHARACTER 
RETURN CHAR TO E 
ECHO BIT TO OUTPUR 


se se te 


DECREMENT BIT COUNT 
LOOP UNTIL @ 
SET STOP BIT 


=e tye =e 


AC HAS INPUT CHARACTER 


=e 


RETURN 


=e 


ie 
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NATIONAL 
DM71/DM81LS95,LS96,LS97,LS98 TRI-STATE® Octal Buffers 
General Description Features 
These devices provide eight, two-input buffers in each ® Octal versions of popular DM8095, 8096, 8097, 
package. All employ the newest low power-Schottky TTL 8098 
technology. One of the two inputs to each buffer is 
used as a control line to gate the output into the high- = Typical power dissipation 
impedance state, while the other input passes the data LS95, LS97 80 mw 
through the buffer. The 95 and 97 present true data LS96, LS98 65 mW 
at the outputs, while the 96 and 98 are inverting. On the 
95 and 96 versions, all eight TRI-STATE enable lines are : : 

; ; @ Typical propagation delay 
common, with access through a 2-input NOR gate. On LS95. LS97 13 ns 
the 97 and 98 versions, four buffers are enabled from LS96. LS98 10 ns 


one common line, and the other four buffers are enabled 
from another common line. In all cases the outputs 
are placed in the TRI-STATE condition by applying a 
high logic level to the enable pins. These devices repre- 
sent octal, low power-Schottky versions of the very 
popular DM70/8095, 96, 97, and 98 TRI-STATE hex 
buffers. 


® Low power-Schottky, TRI-STATE technology 


Connection Diagrams 
Voc, G2 AB Y8 Al Y7 AG Y6 A5 Y5 


G1 Al Yl A2 y2 A3 Y3 A4 Y4 GND G1 Al YI A2 y2 A3 Y3 A4 y4 GND 
71LS95/81LS95(N) 71LS96/81LS96(N) 


G1 Al Y1 A2 Y2 A3 Y3 Aa Y4 GND 
71LS97/81LS97(N) 


Truth Tables 
LS95 LS96 


OUTPUT 


Y Y G Y 


Zz 
H 
Ss 


x 
H 
L 
L 
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DM71/DM81LS95,LS96,LS97,LS98 TRI-STATE® Octal Buffers 


Electrical Characteristics over recommended operating free-air temperature range (unless otherwise noted) 


DM71LS DM81LS 
PARAMETER CONDITIONS LS95, LS96, LS97, LS98 | LS95, LS96, LS97, LS98 | UNITS 


MIN TYP(1) MAX | MIN TYP(1) MAX 


High Level Input Voltage 


Low Level Input Voltage 


Input Clamp Voltage cc = Min, 1; =-18 mA 7) 


High Level Output Current 


High Level Output Voltage Vec = Min, Viy = 2V = : Dy 


7 
Vii = 0.8V =— 24 
Low Level Output Current 
Low Level Output Voltage Vee = Min, Viy = 2V 
Vir = 0.8V, lop = Max ; 
Vo= 


Off-State (High-lmpedance Vec = Max, Viy = 2V 
State) Output Current Vip =0.8V 


Vo = — 

| t Current at Maximum 
ae i = Max, V;) =7V ; 
Input Voltage 
High Level Input Current = Max, V; = 2.7V 
Low Level Input Current Both G Inputs at 2V V, =0. 

Both G Inputs at 0.4V| V, = 0.4V -0.36 
G Input V, = 0.4V -0.36 


Short Circuit Output Current = Max(2) 


Supply Current 
= Max 


Notes 
(1) Atl typical values are at Vcc = 5V, Ta = 25°C. 
(2) Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 


Switching Characteristics Veg = 5V, Ty = 25°C 


DM71LS/81LS 
PARAMETER CONDITIONS LS95, LS97 LS96, LS98 
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Propagation Delay Time, 
Low-to-High Level Output 


Propagation Delay Time, 
High-to-Low Level Output [= APL 


Output Enable Time to High Level 


10 
7 
25 


Output Enable Time to Low Level 


Output Disable Time from High Level 


Output Disable Time from Low Level 


Manufactured under one or more of the following U.S. patents: 3083262, 3189758, 3231797, 3303356, 3317671, 3323071, 3381071, 3408542, 3421025, 3426423, 3440498, 3518750, 3519897, 3557431, 3560765, 
3566218, 3571630, 3575609, 3579059, 3593069, 3597640, 3607469, 3617859, 3631312, 3633052, 3638131, 3648071, 3651565, 3693248. 


National Semiconductor Corporation 

2900 Semiconductor Drive, Santa Clara, California 95051, (408) 732-5000:«/TWX (910) 339-9240 *After March 1976, call (408) 737-5000 
National Semiconductor GmbH 

808 Fuerstenfeldbruck, Industriestrasse 10, West Germany, Tele. (08141) 1371/Telex 05- 27649 

National Semiconductor (UK) Ltd. 

Larkfield Industrial Estate, Greenock, Scotland, Tele. (0475) 33251/Telex 778-632 


National does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied; and National reserves the right, at any time without notice, to change said circuitry. 


NATIONAL 


MAY 1975 


MM2101, MM2101-1, MM2101-2 1024-bit (256 x 4) static MOS RAM 
with separate I/O 


general description 


The National MM2101 is a 256 word by 4 bit static 
random access memory element fabricated using N- 
Channel enhancement mode Silicon Gate technology. 
Static storage cells eliminate the need for refresh and 
the additional peripheral every associated with refresh. 
The data is read out nondestfuctively and has the same 
polarity as the input data. 


The 2101 is directly TTL compatible in all respects: 
inputs, outputs, and a single +5 V supply. Two chip- 
enables allow easy selection of an individual package 
when outputs are OR-tied. An output disable is provided 
so that data inputs and outputs can be tied for common 
1/O systems. The features of this memory device can be 
combined to make a low cost, high performance, and 
easy to manufacture memory system. 


National’s silicon gate technology also provides protec- 
tion against contamination, and permits the use of low 
cost Epoxy B packaging. 


block and connection diagrams 


ROW CELL ARRAY 
SELECT 32 ROWS 
32 COLUMNS 


INPUT 
DATA 
CONTROL 


© 1975 National Semiconductor Corp. 


features 


Organization 256 Words by 4 Bits 

Access Time — 0.5 to 1.0 us Max. 

Single +5 V Supply Voltage 

Directly TTL Compatible — All Inputs and Outputs 
Static MOS — No Clocks or Refreshing Required 
Simple Memory Expansion — Chip Enable Input 


Low Cost Packaging — 22 Pin Epoxy B Dual-In-Line 
Configuration 


Low Power — Typically 150 mW 
Tri-State ® Output — OR-Tie Capability 


Output Disable Provided for Ease of Use in Common 
Data Bus Systems 


DATA INPUT 
ADDRESS INPUTS 
READ/WRITE INPUT 
CHIP ENABLE 
OUTPUT DISABLE 
DATA OUTPUT 
POWER (+5 V) 


Order Number MM2101D — 22 Lead DIP 
Order Number MM2101N — 22 Lead Molded DIP 
See Physical Dimensions on Back Page. 


B15M55 Printed in U.S.A. 
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absolute maximum ratings 

Ambient Temperature Under Bias 0°C to +70°C 
Storage Temperature. -65°C to +150°C 
Voltage on Any Pin With Respect to Ground -0.5V to+7 V 
Power Dissipation 1 Watt 


dc electrical characteristics tT, = 0°C to +70°C, Vcc = 5 V + 5% unless otherwise specified. 


Input Current VIN =0 to 5.25 V 

1/O Leakage Current(2] CE1 = 2.2 V, VouT = 4.0 V 
1/O Leakage Current!2] CE1 = 2.2 V, VoyT = 0.45 V 
Power Supply Current VIN =5.25V,1Q=OmA 
TAs2onc 

Power Supply Current VIN = 5.25V,1Q=OmA 
Ta=0°C 


Input “Low” Voltage 
Input ‘’High”’ Voltage 
Output “Low” Voltage : loL = 2.0 mA 

Output “High” Voltage ; IOH =-150 uA 


Note 1: Typical values are for Ta = 25°C and nominal supply voltage. 
Note 2: Input and Output tied together. 


Capacitance Ta = 25°C, f=1 MHz 


Limits (pF) 


Symbol Max. 


Input Capacitance (All Input Pins) Vjny = 0 V 
Output Capacitance VouT = 0 V 


switching time waveforms 


READ CYCLE (R/W=‘'1"’) WRITE CYCLE [2] 


ADDRESS 


op (common 1/0) ) 


DATA OUT 


tpF is with respect to the trailing edge of CE1 , CE2, or OD, whichever occurs first. 
During the write cycle, OD is a logical 1 for common 1/0 and “‘don’t care’ for separate |/O operation. 
OD should be tied low for separate !/O operation. 


ac electrical characteristics Tp, =0°C to +70°C, Vcc=5 V + 5%, unless otherwise specified. 


MM2101 


READ CYCLE 


Read Cycle 
Access Time 


Input Pulse Levels: +0.65 to +2.2 V 
Input Pulse Rise and Fall Times: 


Chip Enable to Output 20 ns 

Output Disable to Output Timing Measurement Reference 

Data Output to High Z State Level: 1.5 V 

Previous Data Read Valid after Output Load: 1 TTL Gate and 
Ci = 100 pF 


change of Address 


Write Cycle Input Pulse Levels: +0.65 to +2.2 V 


Write Delay Input Pulse Rise and Fall Times: 
Chip Enable to Write 20 ns 

Data Setup Timing Measurement Reference 
Data Hold Level: 1.5 V 

Write Pulse Output Load: 1 TTL Gate and 
Write Recovery Ci = 100 pF 


MM2101-1 (500 ns Access Time) 


Symbol Parameter 


READ CYCLE 


Read Cycle 500 ns Input Pulse Levels: +0.65 to +2.2 V 
Access Time 500 ns Input Pulse Rise and Fall Times: 
Chip Enable to Output 350 ns 20 ns 

Output Disable to Output 300 ns Timing Measurement Reference 
Data Output to High Z State 0 150 ns Level: 1.5 V 

Previous Data Read Valid after 0 ns Output Load: 1 TTL Gate and 
change of Address CL = 100 pF 


Write Cycle 


Test Conditions 


Input Pulse Levels: +0.65 to +2.2 V 


Write Delay ns Input Pulse Rise and Fall Times: 
Chip Enable to Write ns 20 ns 

Data Setup ns Timing Measurement Reference 
Data Hold ns Level: 1.5 V 

Write Pulse ns Output Load: 1 TTL Gate and 
Write Recovery ns CL = 100 pF 


MM2101-2 (650 ns Access Time) 
Symbol Parameter Min. Typ. Max. Unit Test Conditions 
READ CYCLE 


Read Cycle 
Access Time 


Input Pulse Levels: +0.65 to +2.2 V 
Input Pulse Rise and Fall Times: 


Chip Enable to Output 20 ns 

Output Disable to Output Timing Measurement Reference 
Data Output to High Z State Level: 1.5 V 

Previous Data Read Valid after Output Load: 1 TTL Gate and 
change of Address C_ = 100 pF 


Write Cycle Input Pulse Levels: +0.65 to +2.2 V 


Write Delay Input Pulse Rise and Fall Times: 
Chip Enable to Write 20 ns 

Data Setup Timing Measurement Reference 
Data Hold Level: 1.5 V 

Write Pulse Output Load: 1 TTL Gate and 
Write Recovery CL = 100 pF 


tpF is with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first. 


NATIONAL 


MM 2111, MM 2111-1, MM2111-2 1024 -bit (256 x 4) static MOS RAM 
with common I/O and output disable 


general description features 


The National MM2111 is a 256 by 4 ‘static random ® Organization 256 Words by 4 Bits 
access memory element fabricated using N-channel 
enhancement mode Silicon Gate technology. Static 
storage cells eliminate the need for refresh and the 
peripheral circuitry associated with refresh. The data is Directly TTL Compatible — All Inputs and Outputs 
read out nondestructively and has the same polarity as Static MOS — No Clocks or Refreshing Required 


the input data. Common Data Input/Output pins are 
provided. Access Time — 0.5 to 1.0 us Max. 


Common Data Input and Output 
@ Single +5 V Supply Voltage 


Simple Memory Expansion — Chip Enable Input 


The 2111 is directly TTL in all respects: inputs, outputs 
and a single +5 V supply. The two Chip-enables allow Low Cost Packaging — 18 Pin Epoxy B Dual-In-Line 
easy selection of an individual package when outputs Configuration 

are OR-tied. The features of this memory device can be 


combined to make a low cost, high performance, and : J 
easy to manufacture memory system. Tri-State © Output — OR-Tie Capability 


Low Power — Typically 150 mW 


National’s silicon gate technology provides excellent 
protection against contamination and permits the use of 
low cost Epoxy B packaging. 


block and connection diagrams 


ROW MEMORY ARRAY 
SELECT 32 ROWS 
32 COLUMNS 


COLUMN 1/0 CIRCUITS 


INPUT COLUMN SELECT 


DATA 
CONTROL 


PIN NAMES 


Ao-A7 ADDRESS INPUTS 

oD OUTPUT DISABLE 
R/W READ/WRITE INPUT 
CE1 CHIP ENABLE 1 

CE2 CHIP ENABLE 2 
1/04-1/04 DATA INPUT/OUTPUT 


Order Number MM2111D — 18 Lead DIP 
Order Number MM2111N — 18 Lead Molded DIP 
See Physical Dimensions on Back Page. 


absolute maximum ratings 


Ambient Temperature Under Bias : 0°C to +70°C 
Storage Temperature -65°C to +150°C 
Voltage On Any Pin With Respect to Ground -0.5V to+7V 
Power Dissipation 1 Watt 


dc electrical characteristics Tp, =0°C to +70°C, Vcc =5 V +5%, unless otherwise specified. 


Symbol Parameter in. F 2 i Test Conditions 


Input Current VIN =0 to 5.25 V 

1/O Leakage Current!2] Cea IONE Vi/o = 4.0 V 

1/O Leakage Current!2] CE=2.2 V, Vi/o= 0.45 V 

Power Supply Current d VIN = 5.25 V, I|/9=OmMA 

Ta=25°C 

Power Supply Current VIN = 5.25 V, l1/Q=OmA 
TA=0°C 

Input ““Low” Voltage 

Input “’High’’ Voltage 

Output “‘Low” Voltage loL =2.0mA 

Output “‘High” Voltage : IOH =-150 pA 


Note 1: Typical values are for Ta = 25°C and nominal supply voltage. 


Capacitance Ta = 25°C, f = 1 MHz 


Tot Limits (pF) 


switching time waveforms 


READ CYCLE (R/W = 1") WRITE CYCLE 


CE1, CE2, 
OUTPUT DISABLE OUTPUT DISABLE 
DATA 1/0 : DATA 1/0 


READ/WRITE 


Note 1: tpf is with respect to the trailing edge of CE1 . CE2, or OD, whichever occurs first. 


ac electrical characteristics 


MM2111 


Symbol 


READ CYCLE 


Parameter 


Ta = 0°C to +70°C, Vcc = 5 V + 5%, unless otherwise specified. 


Test Conditions 


Read Cycle 

Access Time 

Chip Enable to Output 
Output Disable to Output 
Data Output to High Z State 
Previous Data Read Valid after 
change of Address 


WRITE CYCLE 


Input Pulse Levels: +0.65 to +2.2 V 

Input Pulse Rise and Fall Times: 
20 ns 

Timing Measurement Reference 
Level: 1.5 V 

Output Load: 1 TTL Gate and 
Cy = 100 pF 


Write Cycle 

Write Delay 

Chip Enable to Write 
Data Setup 

Data Hold 

Write Pulse 

Write Recovery 


MM2111-1 (500 ns Access Time) 


Parameter 


Symbol 


READ CYCLE 


Read Cycle 

Access Time 

Chip Enable to Output 
Output Disable to Output 
Data Output to High Z State 
Previous Data Read Valid after 
change of Address 


WRITE CYCLE 


Write Cycle 

Write Delay 

Chip Enable to Write 
Data Setup 

Data Hold 

Write Pulse 

Write Recovery 


Input Pulse Levels: +0.65 to +2.2 V 

Input Pulse Rise and Fall Times: 
20 ns 

Timing Measurement Reference 
Level: 1.5 V 

Output Load: 1 TTL Gate and 
Cy = 100 pF 


Input Pulse Levels: +0.65 to +2.2 V 

Input Pulse Rise and Fall Times: 
20 ns 

Timing Measurement Reference 
Level: 1.5 V 

Output Load: 1 TTL Gate and 
CL = 100 pF 


MM2111-2 (650 ns Access Time) 


Symbol Parameter 


READ CYCLE 


Read Cycle 

Access Time 

Chip Enable to Output 
Output Disable to Output 
Data Output to High Z State 
Previous Data Read Valid after 
change of Address 


Write Cycle 

Write Delay 

Chip Enable to Write 
Data Setup 

Data Hold 

Write Pulse 

Write Recovery 


wins [tee | wee | the 


Input Pulse Levels: +0.65 to +2.2 V 

Input Pulse Rise and Fall Times: 
20 ns 

Timing Measurement Reference 
Level: 1.5 V 

Output Load: 1 TTL Gate and 
CL = 100 pF 


Test Conditions 


Input Pulse Levels: +0.65 to +2.2 V 

Input Pulse Rise and Fall Times: 
20 ns 

Timing Measurement Reference 
Level: 1.5 V 

Output Load: 1 TTL Gate and 
CL = 100 pF 


Input Pulse Levels: +0.65 to +2.2 V 
Input Pulse Rise and Fall Times: 
20 ns 
Timing Measurement Reference 
Level: 1.5 V 
Output Load: 1 TTL Gate and 
Ci = 100 pF 


NATIONAL 


MM 2112, MM2112-2 1024-bit (256 x 4) static MOS RAM 
with common data I/O 


general description features 


The National MM2112 is a 256 by 4 static random m Organization 256 Words by 4 Bits 
access memory element fabricated using N-Channel 
enhancement mode Silicon Gate technology. Static 
storage cells eliminate the need for refresh and the Single +5 V Supply Voltage 

peripheral circuitry associated with refresh. The data is Directly TTL Compatible — All Inputs and Outputs 
read out nondestructively and has the same polarity as . ‘ ; 

the input data. Common Data Input/Output pins are piatic MOS No Clocks.on Roger huajeduied 
provided. Access Time — 0.65 to 1 us Max. 


The MM2112 is directly TTL in all respects: inputs, Simple Memory Expansion — Chip Enable Input 
outputs and a single +5 V supply. The Chip-enable Low Cost Packaging — 16 Pin Epoxy B Dual-In-Line 
allows easy selection of an individual package when Configuration 

outputs are OR-tied. The features of this memory device 
can be combined to make a low cost, high performance, 
and easy to manufacture memory system. Tri-State © Output — OR-Tie Capability 


= Common Data Input and Output 


Low Power — Typically 150 mW 


National’s silicon gate technology provides excellent 
protection against contamination and permits the use of 
low cost Epoxy B packaging. 


block and connection diagrams 


ROW MEMORY ARRAY 
SELECT a2/ROWS 
32 COLUMNS 


COLUMN 1/0 CIRCUITS 
INPUT 
DATA COLUMN SELECT 
CONTROL 


PIN NAMES 


Ag-A7 ADDRESS INPUTS 
R/W READ/WRITE INPUT 

CE CHIP ENABLE INPUT 

1/0 4-\/O04 DATA INPUT/OUTPUT 
Vec POWER (+5 V) 


Order Number MM2112D — 16 Lead DIP 
Order Number MM2112N — 16 Lead Molded DIP 
See Physical Dimensions on Back Page. 


absolute maximum ratings 


Ambient Temperature Under Bias 0°C to +70°C 
Storage Temperature -65°C to +150°C 
Voltage On Any Pin With Respect to Ground -0.5 V to+7 V 
Power Dissipation 1 Watt 


dc electrical characteristics Ta = 0°C to +70°C, Vec = 5 V + 5% unless otherwise specified. 


Symbol Parameter in. i Test Conditions 


ILI Input Current VIN =0 to 5.25 V 

ILOH 1/O Leakage Current CE=2.2V, Vi/o=4.0V 
ILOL 1/O Leakage Current CE=2.2V,VI/9 =0.45 V 
Icc1 Power Supply Current VIN = 5.25 V, 11/9 =OmA 
TA = 25°C 

I@eé2 Power Supply Current VIN = 5.25 V, 11/9 =O mA 
Ta =0°C 


VIL Input “Low” Voltage 
VIH Input ‘’High’”’ Voltage 
VOL Output “Low” Voltage loL=2mA 

VOH Output ‘’High”’ Voltage i IOH = -150 pA 


Note 1: Typical values are for Ta = 25°C and nominal supply voltage. 


Capacitance Ty, = 25°C, f=1MHz 


Limits (pF) 


Symbol 
ne Max. 


Input Capacitance (All Input Pins) Vjpy = 0 V 
1/O Capacitance Vj/9 =0 V 


switching time waveforms 


READ CYCLE (R/W = 1") 


INPUT/OUTPUT ARAN 


WRITE CYCLE #1 WRITE CYCLE #2 


twey2 


ADDRESS ADDRESS 


== 


INPUT/OUTPUT \ESa) a INPUT/OUTPUT 


READ/WRITE Lees READ/WRITE 


— 


Note 1: Data Hold Time (Toy) is referenced to the trailing edge of CHIP ENABLE (CE) or READ/WRITE (R/W) whichever comes first. 


ac electrical characteristics T, =0°C to +70°C, Vcc =5 V + 5% unless otherwise specified. 


MM2112 


READ CYCLE 


Read Cycle Input Pulse Levels: +0.65 to +2.2 V 
Access Time Input Pulse Rise and Fall Times: 


Chip Enable to Output Time _ 20 ns 

: g ; Timing Measurement Reference 
Chip Enable to Output Disable Time Level: 1.5 V 
Previous Read Data Valid After Output Load: 1 TTL Gate and 


Change of Address Cy = 100 pF 


Write Cycle 
Address to Write Setup Time Input Pulse Levels: +0.65 to +2.2 V 
Write Setup Time Input Pulse Rise and Fall Times: 


Write Pulse Width — 20ns 
Chip Enabieisaedine Timing Measurement Reference 
Level: 1.5 V 


Chip Enable Hold Time Output Load: 1 TTL Gate and 
Write Recovery Time Ci: =.100 pF 
Data Hold Time 


Write Cycle 
Address to Write Setup Time Input Pulse Levels: +0.65 to +2.2 V 
Write Setup Time Input Pulse Rise and Fall Times: 


Write to Output Disable Time sabns 
Chip Enable Setup Time Timing Measurement Reference 


, : Level: 1.5 V 
ns oa 1 salad Output Load: 1 TTL Gate and 
rite Recovery |ime C. = 100 pF 


Data Hold Time 


MM2112-2 (650 ns Access Time) 


READ CYCLE 


Read Cycle Input Pulse Levels: +0.65 to +2.2 V 
Access Time Input Pulse Rise and Fall Times: 


E ; 20 ns 
pe Soars ie tut Ue , Timing Measurement Reference 
Chip Enable to Output Disable Time Level: 1.5 V 
Previous Read Data Valid After Output Load: 1 TTL Gate and 


Change of Address Ci = 100 pF 


Write Cycle 
Address to Write Setup Time Input Pulse Levels: +0.65 to +2.2 V 
Write Setup Time Input Pulse Rise and Fall Times: 


Write Pulse Width , 20 ns 
Chip Enable Setup Time Timing Measurement Reference 


, é Level: 1.5 V 
ee elo rime Output Load: 1 TTL Gate and 


Write Recovery Time 4 
Data Hold Time CL = 100 pF 


Write Cycle 
Address to Write Setup Time Input Pulse Levels: +0.65 to +2.2 V 
Write Setup Time Input Pulse Rise and Fall Times: 
Write to Output Disable Time ae 20 ns : 
Chip Enable Setup Time Parkas ae Reference 
map Enable Pols Line Output Load: 1 TTL Gate and 
Write Recovery Time A 

: Ci = 100 pF 
Data Hold Time 


NATIONAL 


MM5269 1024-bit (256 x 4) fully decoded static RAM 


with on chip registers 


general description 


The National MM5269 is a 256 word x 4 bit Static 
Random Access Memory device fabricated using N- 
Channel enhancement mode Silicon Gate technology. 
Static storage cells eliminate the need for refresh and 
the additional peripheral circuitry associated with refresh. 
Data in and data out have the same polarity. 


The MM5269 is fully TTL compatible including inputs, 
outputs and power supply. The chip enable input allows 
memory expansion and the address latch feature elim- 
inates the need for external address registers. The output 
enable is provided for systems which use a common 
input/output data bus. All of the features of this 
memory device can be combined to make a low cost, 
high performance and easy to manufacture memory 
system. System design costs are also minimized because 
of the ease-of-use of the MM5269. 


block and connection diagrams 


ROW ROW MEMORY ARRAY 
ADDRESS 32 ROWS 


REGISTER SELECT 32 COLUMNS 


| seta ir] 1/0 CIRCUITS 
Laie | aa 


DATA 


COLUMN 
ADDRESS 
REGISTER 


al 
REGISTER 
BD banca ws cl 


Dod BRD CET Oe 


CONTROL 
COLUMN SELECT 


National’s Silicon Gate process provides protection 
against contamination and permits the use of low cost 
Epoxy B packaging. 


features 
Organization 256 Words by 4 Bits 
Access Time — 0.5 to 1.0 us 
On Chip Address and Chip Enable Registers 
Directly TTL Compatible — All Inputs and Outputs 
Single +5 V Power Supply 
Tri-State ® Output — OR-Tie Capability 
Output Enable for Common Data Bus Systems 
Static Memory — No Refresh Required 
Packaged in a 22 Pin Epoxy B Dual-In-Line 


Order Number MM5269D — 22 Lead DIP 
Order Number MM5269N — 22 Lead Molded DIP 
See Physical Dimensions on Back Page. 


absolute maximum ratings 


Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Power Dissipation 

Lead Temperature (10 s) 


dc electrical characteristics 


Logic ‘1’ Input Voltage 
Logic ‘’0” Input Voltage 
Logic ‘1’ Output Voltage 
Logic ‘’0” Output Voltage 
Input Load Current 
Output Leakage Current 
Output Leakage Current 
Power Supply Current 


ac electrical characteristics (vcc=5.0 Vv +5%, 0°C<Tap 


READ CYCLE 


Read Cycle 
Access Time 


Output Enable to Output Time 

Latch Pulse Width 

ADD & CE to Latch Setup Time 
ADD & CE to Latch Hold Time 


WRITE CYCLE 


Write Cycle 

Address and CE to Write Setup 
Time 

Write Pulse Width 

Write Recovery Time 

Write to Output Disable Time 
Data Setup Time 

Data Hold Time 

Chip Enable to Write 

Latch Pulse Width 

Add & CE to Latch Setup Time 
Add & CE to Latch Hold Time 


switching time waveforms 


READ CYCLE (WE = “0”’) 


-0.5 V to +7.0 V 
0°C to +70°C 
-65°C to +150°C 
1 Watt 

300°C 


(Vcc = 5.0 V + 5%, O°C < Tp <+70°C) 


<+70°C) 


Test Conditions 


IOH = -150 WA 

IoOL = 2.0 mA 

OV<Vin <5.0V 

CE =2.2V, VQ =4.0V 
CE=2.2V,V9=0.45V 

VIN = 5.25 V, Io=OmA, TA=0°C 


Test Conditions 


Input Pulse Levels: +0.65 to +2.2 V 

Input Pulse Rise and Fall Times: 
20 ns 

Timing Measurement Reference 
Level: 1.5 V 

Output Load: 1 TTL Gate and 
Cy. = 100 pF 


Input Pulse Levels: +0.65 to +2.2 V 
Input Pulse Rise and Fall Times: 
20 ns 
Timing Measurement Reference 
Level: 1.5 V 
Output Load: 1 TTL Gate and 
Cy = 100 pF 


WRITE CYCLE 


tWcy 


|<—_——top ——+ 
DATA OUT INVALID TRI-STATE 


MM2101, MM2111,MM2112, MM5269 static MOS RAM series 


physical dimensions 


0.092 DIA NOM a 


PIN NO. 1 INDENT 


PIN NO. 1 
IDENT 


0.030 
MAX 


0,009 
0.015 


hat 7 ok 
Le alk oats ll iN ie aa 4 ig chil aL gos mn 


16-Lead Cavity DIP (D) 16-Lead Molded DIP (N) 


0.092 
DIANOM 
PINNO 1 


1OENT PIN NO. 1 IDENT 


j | 
0.025 ie , L Ries 0.018 
+0.015 +0.003 


0.100 
TYP 


18-Lead Molded DIP (N) 


1.120 MAX — 


0.062 _ 
RAD 
0.370 0.390 PINNO.1 
MAX MAX IDENT 
f 


| 0.400 0.050 --| lL. 0.100 0.020 _, | 
REF - fe ae +0010 © +0.003 | 


et obs 
22-Lead Cavity DIP (D) 22-Lead Molded DIP (N) 


Manufactured under one or more of the following U.S. patents: 3083262, 3189758, 3231797, 3303356, 3317671, 3323071, 3381071, 3408542, 3421025, 3426423, 3440498, 3518750, 3519897, 3557431, 3560765, 
3566218, 3571630, 3575609, 3579059, 3593069, 3597640, 3607469, 3617859, 3631312, 3633052, 3638131, 3648071, 3651565, 3693248. 
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PREFACE 


This technical description defines SC/MP (Simple Cost-effective Micro- 
Processor) and its supporting complement of hardware and software 
items. SC/MP is a full-featured microprocessor designed and manufactured 
by the National Semiconductor Corporation. 


The material contained in this publication is presented at a level-of-detail 
sufficient for use in preparing a general, preliminary design of an 
SC/MP-based application. Additional information pertaining to SC/MP 
may be obtained from the nearest sales office of the National Semi- 
conductor Corporation. 


The information presented herein is up-to-date at the time of publication 
and is subject to change without notice. 
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Chapter 1 


INTRODUCTION TO SC/MP 


1.1 GENERAL DESCRIPTION package; the chip layout is shown in figure 1-1. Figure 1-2 
illustrates CPU architecture and the pinouts of the chip. 


The SC/MP microprocessor is an inexpensive single-chip Some user benefits and matching SC/MP features are listed 


Central Processing Unit (CPU) with outstanding functional 


below. 
capabilities. SC/MP is housed in a 40-pin, dual in-line 
User Benefits SC/MP Features 
* APPLICATIONS PROGRAMS @ Five memory and peripheral addressing modes 
ARE EASY TO WRITE AND —Program-counter relative 
ARE MEMORY EFFICIENT —Immediate 
—Indexed 
—Auto-Indexed 
—Implied 


@ Four 16-bit address pointer registers 

—Reduces address formation overhead 

—Allows subroutine nesting 

Forty-six instruction types — single-byte and double-byte 
Software-controlled interrupt structure 
Software-controlled serial input/output 


* SUPPORTED BY COMPLETE Editor 
DEVELOPMENT SOFTWARE Assemblers 
Loaders 
Debug 


% END-SYSTEM RELIABILITY Inherent reliability of LSI devices 
Low system component count 


Low power consumption 


SC/MP technical training offered in Miami, Dallas, and Santa Clara 
Field applications engineers around the world 

Factory applications engineers 

Factory warranty services 

COMPUTE, National Semiconductor Microprocessor Users Group 


* FULLY SUPPORTED BY 
NATIONAL SEMICONDUCTOR 


* LOW END-SYSTEM COST AND 
COMPONENT COUNT 


Single-chip microprocessor (40-pin DIP) 
On-chip oscillator and timing generator 
Uses standard memories 

Uses standard peripheral components 


* SIMPLIFIED END-SYSTEM 
DESIGN 


Static operation (no refresh circuits required) 

Latched 12-bit TRI-STATE® address port 

Direct interfacing with standard memory components, up to 65K bytes 
Bidirectional 8-bit TRI-STATE® data/control port 

Serial input/output port 

TTL/CMOS compatible inputs/outputs 

Three program-controlled output flags 

Two program-testable sense inputs 

Direct interfacing with standard peripheral components 

Control signals for Direct Memory Access (DMA) implementation 
Control signals for multiprocessor system implementation 
Supported by system development aids 

—Development systems 

—Prepackaged applications cards 

—Complete documentation with design examples 
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1.2 SC/MP APPLICATIONS 


SC/MP can be used in almost any application. The chip can 
be used in a minimal configuration that might include a few 
switches for control, a read-only memory for implementing 
instructions, and a few indicators for monitoring purposes. 
On the other hand, a maximum system might include 
several input-output peripherals, read/write as well as read- 
only memory, and a full-featured control panel. Whatever 
your application, you will find that SC/MP antd its support- 


ing products include everything needed to develop, debug, 
and implement your system. 


A summary of SC/MP applications is shown below. By no 
means are the uses, features, and benefits all-inclusive; they 
are simply indicative of how applications-oriented SC/MP 
really is and how cost-effective it can be in solving your 
control problems. 


ss 


SOME AREAS OF USE 


@ TEST SYSTEMS AND INSTRUMENT 
CONTROL 


@ MACHINE TOOL CONTROL 

@ SMALL BUSINESS MACHINES 
@-WORD PROCESSING SYSTEMS 
@ EDUCATIONAL SYSTEMS 

@® MULTIPROCESSOR SYSTEMS 
@ PROCESS CONTROLLERS 

@ TERMINAL CONTROL 

@ TRAFFIC CONTROLLERS 

@ LABORATORY INSTRUMENTATION 
@ SOPHISTICATED GAMES 

@ AUTOMOTIVE CONTROLLER 
@ APPLIANCES 


DIRECT INTERFACE WITH PERIPHERALS 

MULTIPLE ADDRESSING MODES 

DIRECT INTERFACE WITH TRI-STATE 
ADDRESS/DATA BUSES 

DIRECT ACCESS TO MEMORY VIA FOUR 
POINTER REGISTERS 

BOTH PARALLEL AND SERIAL INPUT/OUTPUT 

ADDRESSABLE TO 65,536 BYTES 

THREE FLAGS AND TWO SENSE INPUTS 

INTERRUPT WITH SOFTWARE CONTROL 

BOTH 8-BIT BINARY AND 2-DIGIT BCD 
ARITHMETIC 

ON-CHIP OSCILLATOR AND TIMING 
GENERATOR 

GENERAL-PURPOSE INSTRUCTION SET 

DOCUMENTATION, OPERATIONAL ASSISTANCE, 
SOFTWARE, APPLICATIONS INFORMATION, 
AND OTHERS 

COMPLETE FAMILY OF SUPPORTING PRODUCTS 

TTL/MOS COMPATIBILITY 


SOME BENEFI be) 
AND RESULTS = 


@ NO HARDWARE OR SOFTWARE 
OVERKILL—BUY ONLY WHAT 
YOU NEED! 

e A BUILDING-BLOCK SYSTEM— 
EXPAND AS YOUR NEEDS 
GROW AND ALWAYS AT 
MINIMUM COST 


@ NO BUILT-IN OBSOLESENCE 


1.3 ARCHITECTURE OF SC/MP 


B31 Hardware Summary 


SC/MP provides all the basic features of a general-purpose 
microprocessor. The basic features include an input/output 
capability, a memory-access capability, a data-processing 
capability, and a powerful instruction set. These capabilities 
are implemented on a single chip. The hardware relation- 
ships with functional nomenclature are shown in figure 1-2. 
An overview of these functions and some extensions there- 
of are described in the following paragraphs. 


2 Input/Output Capabilities 


The input/output capabilities of SC/MP are summarized in 
figure 1-3. For parallel data transfers, the microprocessor 
communicates with user systems via a 12-bit TRI-STATE 
address port and an 8-bit TRI-STATE data port; two serial 
ports — one for input and one for output — are also 
provided. 


Realtime control is accomplished via a sense input, an inter- 
rupt, and flags. Other hard-wired control signals provide bus 
access, access priority, data-flow supervision, and general 
control of the processor. The bus-access and access-priority 
control lines can be used to cascade several microprocessors 
— all with direct interface to the address and data buses. If 
SC/MP is to be the only bus controller, the bus-access 
control line can be hard-wired in the active state for unin- 
terrupted access to both buses. Timing parameters affecting 
each input/output data transfer are described in chapter 2. 
The input/output control sequence of SC/MP can be 
summed up as follows: 


e Bus request from SC/MP 

@ Request granted or denied — if denied, bus request 
remains active until bus request is granted 

e@ Address and address-valid strobe from SC/MP 

e@ Data valid and inputted or outputted, as required 


8-BIT BIDIRECTIONAL TRI-STATE DATA BUS 


12-BIT TRI-STATE ADDRESS BUS 


<< _{InTeRRvPT, SENSE INPUTS, AND FLacs} i 


TO SC/MP-BASED 
SYSTEM 


~<a——_ {pus ACCESS, DATA, AND PROCESSOR CONTROL} 


{SERIAL inpuTt 


{seR1AL ouTPUT} ————————> 
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Figure 1-3. Input/Output Capabilities of SC/MP 
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Las Memory-Access Capabilities 


The SC/MP chip has a 16-bit address capability; thus, any 
one of 65,536 memory locations can be discretely speci- 
fied. As shown in figure 1-4, four of the address bits are 


sent over the data bus to select.any of 16 memory “pages,” 


and 12 bits are sent over the address bus to specify the 
memory location within the page. ROM, PROM, and RAM 
memories may be intermixed in the address space. 


SC/MP uses any one of five addressing modes to generate 
the address: these are program-counter (PC) relative, 
immediate, indexed, auto-indexed, and implied. If the 
addressing range is not more than 127 bytes above or 128 
bytes below the address specified by the program counter, 
the PC-relative mode of addressing can be used. In this 
mode, an effective address is formed by combining the 
contents of the program counter with the displacement 
field (second byte of the instruction). The immediate mode 
simply uses the second byte of the instruction as the 


memory data; this mode is relatively fast because an addi- 
tional data address is not formed, nor is an additional 
memory access to fetch the data required. For indexed 
addressing, the displacement field is combined with the 
contents of a pointer register to form the effective address. 
Auto-indexed addressing is similar to indexed addressing 
except that the contents of the pointer register are replaced 
by the effective address. Refer to chapter 2 (2.4.4) for 
details of effective address formation. Both indexed modes 
are useful for block transfers, inputting and outputting of 
tabular data, and similar applications where the addressing 
range does not exceed +127 or -128 bytes relative to the 
contents of the referenced pointer register. The implied 
mode of addressing uses the operation code (OPCODE) to 
specify origin and destination addresses; for example, the 
CSA command (Copy Status Register to Accumulator — 
OPCODE = 06) implicitly defines the status register as the 
originating operand and the accumulator as the destination 
operand. 


12 BITS TO SELECT 
~@— ,} ABSOLUTE ADDRESS 
WITHIN PAGE 


16-BIT ADDRESS BUS 


MN GG G  ]]] WG 


8-BIT BIDIRECTIONAL DATA BUS 


4 BITS TO 
—@— ) SELECT MEMORY 
PAGE 
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Figure 1-4. Memory-Access Capabilities of SC/MP 


Processing (CPU) Capabilities set is general-purpose, provides a wide range of program- 
ming techniques, and is easy to use. Likewise, the imple- 
mentation hardware provides input/output flexibility, a full 


complement of control and data registers, and simple inter- 


} 1.3.4 


The CPU capabilities of SC/MP are primarily a function of 
the instruction set and the implementing hardware; these 
two functions are summarized in figure 1-5. The instruction 


OSCILLATOR AND 
TIMING GENERATOR 


GENERATES THE BASIC TIM- 
ING FOR SC/MP CONTROL 
FUNCTIONS. 


INPUT/OUTPUT CONTROL 


GENERATES INPUT/OUTPUT 
CONTROL SIGNALS. 


INSTRUCTION 
DECODE AND CONTROL 


DECODES THE INSTRUCTION 
AND PROVIDES ALL CONTROL 
AND GATING FUNCTIONS RE- 
QUIRED FOR EXECUTION OF 
THE SPECIFIED OPERATION. 


INSTRUCTION REGISTER 


HOLDS BYTE 1 OF THE INSTRUC- 
TION DURING THE EXECUTION 
CYCLE. 


OUTPUT 
ADDRESS REGISTER 


HOLDS THE 16-BIT ADDRESS. AT 
ADDRESS-STROBE TIME, THE 4 
MSB ARE STROBED ONTO THE 
DATA BUS; THE 12 LSB ARE OUT- 
PUTTED ON THE ADDRESS BUS. 


INPUT/OUTPUT 
DATA REGISTER 


DURING AN INPUT CYCLE, RE- 
CEIVES INFORMATION FROM 
THE 8-BIT DATA BUS; DURING 
AN OUPUT CYCLE, CONTENTS OF 
REGISTER ARE TRANSFERRED 
ONTO THE DATA BUS. 


PROGRAM COUNTER 
(POINTER REGISTER #0) 


PERFORMS PROGRAM BOOK- 
KEEPING; THAT IS, THE PC IS 
CONTINUALLY MODIFIED TO 
POINT TO THE NEXT SEQUEN- 
TIAL INSTRUCTION OF PRO- 
GRAM. 


faces to user systems. 


POINTER REGISTER #1 


16-BIT REGISTER USED FOR 
TEMPRARY STORAGE AND 
OTHER MISCELLANEOUS 
FUNCTIONS. 


INSTRUCTION SET | 


LOAD 

STORE 

AND 

OR 
EXCLUSIVE-OR 
DECIMAL ADD 
ADD 
COMPLEMENT AND ADD 
LOAD IMMEDIATE 
AND IMMEDIATE 
OR IMMEDIATE 


EXCLUSIVE-OR IMMEDIATE 


ADD IMMEDIATE 


DECIMAL ADD IMMEDIATE 


COMPLEMENT AND ADD 
IMMEDIATE 

JUMP 

JUMP IF POSITIVE 

JUMP IF ZERO 

JUMP IF NOT ZERO 

INCREMENT AND LOAD 

DECREMENT AND LOAD 

LOAD ACC FROM EXT 

EXCHANGE ACC AND EXT 

DELAY 


AND EXTENSION 

OR EXTENSION 

EXCLUSIVE-OR EXTENSION 

ADD EXTENSION 

DECIMAL ADD EXTENSION 

COMPLEMENT AND ADD 
EXTENSION 

EXCHANGE POINTER LOW 

EXCHANGE POINTER HIGH 

EXCHANGE POINTER WITH 
PROGRAM COUNTER 

SERIAL 1/0 

SHIFT RIGHT 

SHIFT RIGHT WITH LINK 

ROTATE RIGHT 

ROTATE RIGHT WITH LINK 

HALT 

CLEAR CARRY LINK 

SET CARRY LINK 

COPY ACC TO STATUS 

COPY STATUS TO ACC 

ENABLE INTERRUPTS 

DISABLE INTERRUPTS 

NO OPERATION 


SHIFT, ROTATE, TRANSFER, 


ER 


AND OTH 
LOGICAL FUNCTIONS 


THESE CIRCUITS IMPLEMENT 
THE INDICATED FUNCTIONS 


POINTER REGISTER #2 


16-BIT REGISTER USED FOR 
TEMPORARY STORAGE AND 
OTHER MISCELLANEOUS 
FUNCTIONS. 


POINTER REGISTER #3 


16-BIT REGISTER USED FOR 
TEMPORARY STORAGE AND 
OTHER MISCELLANEOUS 
FUNCTIONS. 


ACCUMULATOR 
REGISTER 


8-BIT REGISTER THAT SERVES 
AS THE LINK BETWEEN MEM- 
ORY AND ALL OTHER SOFT- 
WARE-CONTROLLED REGISTERS. 
USED IN PERFORMING ARITH- 
METIC AND LOGIC OPERATIONS 
AND FOR STORING THE RE- 
SULTS OF THESE OPERATIONS; 
DATA TRANSFERS, SHIFTS, 
AND ROTATES ALSO USE THE 
ACCUMULATOR. 


EXTENSION REGISTER 


8-BIT REGISTER THAT SUP- 
PORTS THE ACCUMULATOR IN 
PERFORMING ARITHMETIC OP- 
ERATIONS, LOGIC OPERATIONS, 
AND DATA-TRANSFER,OPER- 
ATIONS; THE SERIAL 1/O CAP- 
ABILITY 1S ALSO IMPLEMENTED 
VIA THE EXTENSION REGISTER. 


STATUS REGISTER 


8-BIT REGISTER THAT PRO- 
VIDES STORAGE FOR ARITH- 
METIC STATUS, CONTROL 
STATUS, AND SOFTWARE 
STATUS. 


ARITHMETIC LOGIC UNIT 


PERFORMS ARITHMETIC AND 
LOGICAL FUNCTIONS. 


AND ALSO PROVIDE VARIOUS 
HOUSEKEEPING CHORES. 
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Figure 1-5. CPU Summary of SC/MP 
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1.4 SC/MP AND SUPPORTING PRODUCTS 
1.4.1 SC/MP Development System 


The upper part of figure 1-6 shows SC/MP supported by a 
low-cost, general-purpose, development system. This low- 
cost configuration is particularly suited to low-volume users 
for designing, verifying, and debugging hardware/software 
systems. To facilitate the development process, an opera- 
ting panel with appropriate controls and indicators allows 
for the examination and modification of user software. In 
addition, the low-cost system provides interface peripherals 
and the firmware required for development of user pro- 
grams; valid results can then be committed to an appro- 
priate media (paper tape, cards, and so forth) for the gener- 
ation of custom ROMs/PROMs. 


SOFTWARE 


FOR DEVELOPMENT OF END- 
USER SYSTEM, THESE SOFT- 
WARE OPTIONS CAN SAVE 
MUCH TIME AND EFFORT. 


TTY W/O 


APPLICATION MODULES 


CPU—WITH POWER SUPPLIED BY THE 
USER, PROVIDES A SMALL (512 
WORDS OF PROM/256 WORDS OF 
RAM) SELF-CONTAINED PRO- 
CESSING CAPABILITY. 

READ/WRITE (RAM)—PROVIDES 
2K x 8 OF RAM WITH APPRO- 
PRIATE BUFFERS, LATCHES, 
CONTROL CIRCUITS, AND 
CARD-SELECT LOGIC. 

ROM/PROM—PROVIDES 4K x 8 OF 
PROM AND/OR ROM, WITH 
APPROPRIATE BUFFERS, 
LATCHES, CONTROL CIRCUITS 
AND CARD-SELECT LOGIC. 


SEU iGARD ROM/PROM 


READ/WRITE MEMORY CARD 


(RAM) MEMORY 
CARD A COMPLETE 


CHIP-LEVEL 
LINE OF RAMs, 
ROMs, AND HARDWARE 


PROMs. (MEMORIES) 


SOFTWARE 


PROVIDES USER WITH ALL SOFT- 
WARE REQUIRED FOR EVALUA- 
TION AND DEVELOPMENT OF 
SYSTEM CONCEPTS AND FINAL 
DESIGN. 


C/MP oe 
DEVELOPMENT 
SYSTEM. 


PERIPHERALS 


INPUT/OUTPUT CONTROL, IM- 
PLEMENTATION OF PROGRAM 
CHANGES, AND VERIFICATION 


1.4.2 Universal Development System 


The lower part of figure 1-6 shows SC/MP supported by a 
universal development system. The development system 
provides a full complement of software, a complete line of 
input/output peripherals, and software/hardware features 
that permits the user to adapt and finalize design in virtual- 
ly any microprocessor application. The universal develop- 
ment system is designed such that the user can load, 
assemble, and debug development programs via the host 
computer and its associated peripherals. Using the host- 
generated software, a viable applications-oriented system 
can be developed and implemented by the target (SC/MP) 
interface. 


EXTRA SOCKETS 


EXTRA EDGE-CONNECTOR 
SOCKETS PROVIDE THE USER 
WITH A PROTOTYPING CAPA- 
BILITY USING STANDARD CARD 
BLANKS. ALSO, THE APPLICA- 
TION MODULES CAN BE PLUGGED 
INTO A STANDARD CARD CAGE; 
THE CAGE CAN THEN BE WIRED 
TO SERVE A PARTICULAR ApP- 
PLICATION. 


CROSS ASSEMBLERS 


SOURCE PROGRAM CAN BE ASSEM- 
BLED BY ANY OF THE INDICA®ED 
METHODS; THE RESULTING OBJECT 
CODE CAN THEN BE EXECUTED ON 
A SC/MP MICROPROCESSOR: 


COMMERCIAL TIME— FORTRAN 
SHARING SERVICE (GE) 


IMP/16P 


A COMPLETE LINE OF COMPONENTS 
FOR ADDRESS LATCHING AND BUF- 
E , DATA LATCHING AND BUF- 
CHIP-LEVEL FERING, TTL/CMOS DRIVERS AND 
HARDWARE RECEIVERS, AND OTHER MISCEL- 
(OTHER) LANEOUS FUNCTIONS — SEE 
FIGURES 1-7 THROUGH 1-11 FOR 
TYPICAL CONFIGURATIONS. 


TARGET INTERFACE 


PROVIDES THE USER WITH SOFT- 
WARE/HARDWARE TRACEABILITY 
FEATURES, THUS ENSURING THAT 
THE FINAL DESIGN IS ACCEPTABLE. 


AND VALIDATION FOR THE 
MOST SOPHISTICATED APPLI- 


CATION. 


cross— EDITOR 
ASSEMBLER 


TTY CONSOLE 
1/0 DRIVERS 


HIGH-SPEED 


LOADERS PRINTER 


HOST/TARGET 
DEBUG FLOPPY 
DISC 


UP TO 65K BYTES 


OF MEMORY HARDWARE 


BREAKPOINTS 
CRT CONSOLE 


IN-CIRCUIT 


CARD READER EMULATION 


HIGH-SPEED HARDWARE TRACE 
eke DIAGNOSTIC 


FIRMWARE 
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PROM 
PROGRAMMER 


Figure 1-6. SC/MP and Supporting Products 


1.4.3 Chip-Level Hardware 


To extend the capabilities of SC/MP, a number of compo- 
nents are available; in succeeding paragraphs, these compo- 
nents are described functionally and configured to show 
their use in typical applications. 


1.4.3.1 Buffers 


In applications where loading and fanout requirements do 
not exceed capabilities of the chip, SC/MP can be directly 
connected to the address and data buses. Where more than 
one TTL load must be serviced, the address, control, and 
data lines can be buffered as shown in figure 1-7. The 
indicated buffering components provide a medium-range 
fanout capability and the data-bus buffer is bidirectional; 
thus, these components can be used in both input and 
output applications. 


12-BIT ADDRESS 


1.4.3.2 Latches 


Latches are useful in expanding addressing and peripheral- 
interface capabilities; they are also useful in TRI-STATE 
bus interfacing. An example of how address and control 
line expansion could be accomplished is shown in figure 
1-8. With properly chosen buffers and latches, this configu- 
ration can easily accommodate up to 65K bytes of memory 
with relatively simple timing and control schemes. 


An example that uses latches for interfacing is shown in 
figure 1-9. The interface latch chip can be used as a bi- 
directional input/output port, a dedicated input port, or as 
a dedicated output port; a control signal (dynamic for 
bidirectional mode and static for dedicated modes) is 
supplied by the user. In the configuration shown, separate 
control lines enable the input/output ports; thus, the latch 
may be a high-impedance device (that is, it does not load 
the system bus unless an enable signal is present). 


NOTE: Standard components. 


UNIDIRECTIONAL 


BUFFER 
(Note) 


DATA STROBES 


8-BIT DATA 


ADDRESS AND CONTROL BUS 


BIDIRECTIONAL 
BUFFER 
(Note) 


DATA BUS 
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Figure 1-7. Fanout Buffering of SC/MP to System Buses 


NOTE: Standard Components 
12-BIT ADDRESS 


4 MSB OF ADDRESS AND 
4 CONTROL BITS 


UNIDIRECTIONAL 
BUFFER 


(NOTE) 


DATA STROBES 


WG |l I 


ADDRESS AND CONTROL BUS 


LATCH 
(NOTE) 


8-BIT DATA BIDIRECTIONAL 
BUFFER 
(NOTE) 
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Figure 1-8. SC/MP Using General-Purpose Latch to Expand Address/Control Lines 


12-BIT ADDRESS 


UNIDIRECTIONAL 
BUFFER 
(NOTE) 
DATA STROBES 


ADDRESS AND CONTROL 
BUS 


BIDIRECTIONAL 
BUFFER 


(NOTE) DATA BUS 


NOTE: Standard Components. 
UNIDIRECTIONAL UNIDIRECTIONAL BIDIRECTIONAL 


INTERFACE LATCH INTERFACE LATCH INTERFACE LATCH 
(NOTE) 


USER CONTROL 
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Figure 1-9. SC/MP Using Interface Latch For Input/Output Device 
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1.4.3.3 Memory Devices 


SC/MP is directly compatible with many standard memory 
components — Random Access Memories (RAMs), Read 
Only Memories (ROMs), and Programmable Read Only 
Memories (PROMs). Memory accessing is under control of 
the SC/MP microprocessor, which provides input/output 
and other control signals via the.address/control bus — see 
figure 1-10. These control signals permit the memory chips 
to accept address information or to implement input/ 
output data transfers. Depending on bus loading, buffering 
circuits may or may not be required. 


Some PROM memory chips are pin-for-pin compatible with 
ROM and, when used, provide a_user-programmable 
memory that is cost-effective for program development and 
other low-volume applications. 


Figure 1-11 shows SC/MP configured with standard com- 
ponent chips. As indicated, SC/MP can be expanded to 
serve large system needs. 


1.5 SC/MP APPLICATION MODULES 


The following application modules support system design 
around the SC/MP microprocessor. 


@ SC/MP CPU Application Module 
@ SC/MP RAM Application Module 
@ SC/MP PROM/ROM Application Module 


Each module measures 4.375 by 4.852 inches and can be 
inserted into a standard card cage — refer to table 3-1 for 
this and other vendor-supplied accessories. The applications 
modules can easily be connected to form the basis of a 
custom-designed system or they can be used in stand-alone 
end applications. The modules are particularly well suited 
to portable equipment where physical space is limited. For 
functional details of the CPU, RAM, and ROM/PROM 
modules, refer to chapter 3. 
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Figure 1-10. SC/MP Memory Chips 
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Figure 1-11. Typical Configuration of SC/MP with Supporting Chips 


1.6 SC/MP SOFTWARE 


The importance of software support cannot be over- 
emphasized. System development to meet a particular 
application is most efficient when the designer fully appre- 
ciates and uses the support software. At present, SC/MP 
software includes cross assemblers, loader/debug utilities, 
and input/output routines; supporting software is described 
in the paragraphs that follow. 


1.6.1 (IMP-16) Cross Assembler 


The cross assembler accepts free-format statements from 
either a keyboard, a paper tape, or a card reader; each 
program produces a load module (LM) on paper tape and a 
program listing (figure 1-12a). The assembler requires three 
passes over the source program; however, if either the 
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object listing or the LM is suppressed, only two passes are 
required. Depending on the system configuration running 
the cross assembler, this may or may not be apparent to the 
user. 


E62 (FORTRAN) Cross Assembler 


This program, written in FORTRAN IV (USA Standard 
Language Subset), assembles a source program on a host 
computer for subsequent execution by SC/MP. The 
FORTRAN cross assembler accepts free-format source 
statements and, in two passes, produces a load module 
(object program) and a program listing (figure 1-12b). This 
cross assembler is installed and available to users of General 
Electric national time-sharing service under the program 
name, SAS$$$. 


SOURCE 
(CARDS OR TAPE) 
ASSEMBLER 


OBJECT 
LISTING 


a. (IMP-16) Cross Assembler 


OBJECT. 
MODULE 
FILE 


REFORMAT 
ROUTINES 


LOAD MODULE 
(TAPE) 


SOURCE 
(CARDS OR TAPE) 


(FORTRAN) 
CROSS- 
ASSEMBLER 


b. (FORTRAN) Cross Assembler 


OBJECT 
MODULE 
FILE 


LOAD MODULE 
(CARDS OR 
TAPE) 


Figure 1-12. SC/MP Cross Assemblers—Operational 
Flow Diagrams 


1.6.3 Absolute Loader 


An absolute loader loads one or more programs into pre- 
allocated, fixed areas of memory. The exact memory areas 
to be occupied by each user-generated program must be 
determined by the user before assembly. Also, any linking 
of one program to another or to common, shared data must 
be accomplished at assembly time by assignment of 
common labels to fixed, absolute addresses in memory. 


1.6.4 SC/MP Teletype Routines 


These routines are used to send and receive information to 
and from the Teletype (TTY) or to receive data from the 
Paper Tape Reader/Punch. One routine transfers keyboard 
inputs to the processor without a character echo, whereas 
the other routine echos the received character back to the 
TTY printer. 


1.6.5 SC/MP Debug Program 


The SC/MP Debug Program supervises the operation of a 
user program during checkout. This program provides the 


following facilities for testing computer programs: 


@ Printing selected areas of memory in hexadecimal 
format 

@ Modifying the contents of selected areas in 
memory 

& 


Displaying and modifying CPU registers 
Inserting instruction breakpoint halts 
Initiating execution at any point in a program 


1.7 CUSTOMER SUPPORT 


At National Semiconductor, we believe that the product 
and its support are an infrangible partnership and that both 
are equally important. Consequently, our customer-support 
organization is structured to provide the best possible 
assistance both before and after sales. Available services are 
summarized below; an in-depth look at our customer- 
support organization is provided in chapter 5. 


FIELD SUPPORT — On-site technical assistance 
(domestic and international) is provided by engi- 
neers that specialize in microprocessors and micro- 
processing systems. 

FACTORY SUPPORT — Home-based engineers 
provide the field specialists with hardware and 
software support and, when necessary, they pro- 
vide direct support to the user. 

FACTORY SERVICE — Repair of any micro- 
processor product supplied by National Semi- 
conductor. The factory-repair service is directly 
applicable to OEM customers; this service is also 
available for end users if the product is returned 
through the OEM supplier or through an author- 
ized distributor. : 
TRAINING — Elementary and advanced training 
courses are offered in the West, Midwest, and 
Eastern regions of the United States; in-depth 
coverage and hands-on experience are provided. 
SOFTWARE SUPPORT — Loaders, assemblers, 
debug routines, diagnostics, and other software are 
available to assist the user in SC/MP design and 
SC/MP implementation. 

- USER GROUP — Provides a vehicle of communi- 

cation between users of microprocessors and 
National Semiconductor. A user-group software 
library shared by all members is an important 
feature of this program. 
DOCUMENTATION — A technical description 
provides in-depth coverage such that benchmarks 
can be established, programs can be written, and 
preliminary design of systems can be accom- 
plished. A users manual describes the use of 
SC/MP equipment and software. A data sheet 
provides a functional description of the SC/MP 
chip and includes parametric specifications. 
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Chapter 2 


THE SC/MP CHIP 


2.1 FUNCTIONAL OVERVIEW 


Figure 2-1 is a functional block diagram of the SC/MP chip. 
Input/output signals shown on figure 2-1 are described in 
table 2-1. The various functional units shown are described 
in this chapter under the following major headings: (1) 
Power and Timing Control, (2) Input/Output Control, and 
(3) Internal Control and Data Movement. These descrip- 
tions are oriented to viewpoints of user operation and 
application. : 


The SC/MP instruction set is described in detail in 
appendix A. 
NOTES 


1. Positive logic convention is used 
throughout this manual. A logic ‘1’ or 
high signal corresponds to a more- 
positive voltage level. A logic ‘0’ or 
low signal corresponds to a more- 
negative voltage level. All signal names 


+ 


NOMINAL 
7V SUPPLY 


5V SUPPLY 


b. SC/MP With TTL, +5V CMOS, 


and PROM Peripherals 12V SUPPLY 


Figure 2-2. 
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beginning with ‘N’ or followed by an 
asterisk (%) denote complemented 
signals that are asserted or activated by 
a logic ‘0’. Otherwise, signals are 
asserted by a logic ‘1’. 


2. Bits are numbered from 00 to 15, right 
to left, with bit 00 representing the 
least significant bit. 


3. The X’ preceding a value denotes the 
hexadecimal numbering system. 


232 POWER AND TIMING CONTROL 


As shown in figure 2-2, the SC/MP chip can be powered 


from a single dc voltage: -12 volts with respect to Viger e OF 


direct interface with TTL and 5-volt CMOS peripheral 
circuits, a power arrangement similar to that shown in 
figure 2-2a is recommended; for 5-volt devices and 17-volt 
PROMs, a satisfactory arrangement is shown in figure 2-2b. 


TO TTL AND 
+ 5V CMOS 
CIRCUITS a. SC/MP With TTL and 5V 


CMOS Peripheral Circuits 


TO TTL AND 


+1) *8v cmos 


REGULATOR 
(LM 320) 


Part numbers are shown only for 
information purposes. Other logic 
components with suitable characteristics 
can be used. 
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SC/MP Power Requirements, Typical Configurations 


All necessary timing signals are provided by an on-chip 2. M-Tron Industries, Yankton, South 


oscillator and timing generator. If precision timing is Dakota 

unimportant, a capacitor is connected between X1 and X2. 3. Crystek Crystal Co., Ft. Myers, Florida 

In applications where better timing accuracies are required, 4. JAN Crystals, Ft. Myers, Florida 

a crystal must be connected between X1 and X2. See note 

below. 2:3 INPUT/OUTPUT CONTROL 

NOTE : 
The data and address ports of the SC/MP chip are con- 

Quartz crystals required for SC/MP opera- nected to input/output devices via two system buses — an 
tion should be hermetically sealed. These 8-bit bidirectional data bus and a 12-bit address bus. High- 
crystals usually are in ““HC”’ series holders speed data transfers are made in parallel; however, for slow- 
(industry standard) and can be obtained rate peripherals, a serial input/output capability is also 
from many manufacturers. Four such provided. Refer to table 2-1 for descriptions of the SC/MP 
manufacturers are as follows: chip pinouts. 


1. X-Tron Electronics, Hayward, Cali- 
fornia 


Table 2-1. Input/Output Signal Descriptions 


sone Mnaronic/ Functional Name Description 
Pin Designation 


Connect capacitor or crystal between X1 and X2 for chip timing. 
Positive supply voltage—see figure 2-2 for typical power hookups. 
Veg Negative supply voltage—see figure 2-2 for typical power hookups. 


NRST (Input) When low, aborts in-process operation; when returned from low 
to high, initializes (zeros) all internal registers and next instruction 
is fetched from memory location 0001716. 

CONT (Input) Continue When high, instruction is fetched from address specified in the 
program counter and executed. When low, processor operation 
is halted prior to next instruction fetch; accordingly, fetch and 
execution cycles can be manually implemented in a single- 
instruction mode. 


BREQ (Input/Output) Bus Request Part of simplified input/output bus-interface logic. Depending 
on system configuration, the BREQ line is used as a bus-request 
and/or as a bus-busy signal. The BREQO “‘wired-AND” line 
requires an external load resistor to VGG or ground. 


ENIN (Input) Enable In When high, the processor is granted access to the input/output 
bus. When low, access is denied. 

ENOUT (Output) Enable Out When high, indicates that ENIN is high and that the CPU does 
not have access to the bus. When low, indicates that CPU has 
access to the bus or that ENIN is low. 

NADS (Output) Address Strobe When low, the 4-bit input/output status and the 4 most significant 

. bits of 16-bit address are valid on the system data bus. 

NRDS (Output) Read Strobe When low, data are strobed from the system data bus into the 
processor; when high, processor is not reading from the input/ 
output bus. This line is a high-impedance (open-circuit) load 
when SC/MP does not have access to the input/output bus. 

NWDS (Output) Write Strobe When low, data are valid from the processor on the system 
input/output data bus. When the processor does not have access 
to the input/output bus, the NWDS line is a high-impedance 
(open-circuit) load. 

NHOLD (Input) Hold or Extend When low, extends the input/output cycle until signal goes high— 
in effect, delaying the trailing (rising) edge of the NRDS (or 
NWDS) pulse to permit interface with peripherals whose input/ 
output characteristics are not as fast as those of SC/MP. 


Table 2-1. Input/Output Signal Descriptions (Continued) 


Signal Mnemonic/ Functional Name Description 
Pin Designations 


: SENSE B Two input lines that are sampled by testing bits 4 and 5 in the 
status register; these lines are synchronously tested. Sense A 
serves as an interrupt request line if interrupts are enabled by 
the software. 


Under software control, data on this line are “right-shifted”’ 


Serial Input to 


E-Register into the E-Register by the SIO instruction. 

Serial Output Under software control, contents of E-Register are ‘‘right- 

from shifted’’ onto the SOUT line by the SIO instruction; the output 
E-Register is latched to maintain valid data between SIO commands. 


FLAG 0, FLAG 1 
AND FLAG 2 


Flags 0, 1, and 2 correspond, respectively, to bits 0, 1, and 2 of 
the status register; these bits are available for user-designated 
functions. 

Twelve TRI-STATE® output lines; at NADS (address strobe) 
time, valid address signals appear on these lines. The address 
remains valid through the trailing edge of the read (NRDS) or 
the write (NWDS) strobe. [Note: The address lines are a high- 
impedance (open-circuit) load when SC/MP does not have 
access to the input/output bus.] 


Output at NADS Time 


Address Bit 
Number 12 


Address Bit 
Number 13 


Address Bit 
Number 14 


Flag Outputs 


\ 


Address Bit 00 
through 
Address Bit 11 


ADO0-AD 11 


Input at 
NRDS Time 


Signal Mnemonic/ 
Pin Designations 


Output at 
NWDS Time 


Fourth most significant bit of 
16-bit address. 


Third most significant bit of 
16-bit address. 


Second most significant bit of 
16-bit address. 


Address Bit Most significant bit of 16-bit Input data Output data 

Number 15 address. are expected | are valid on 

R-FLAG When high, data-input cycle is on the eight | the eight 
(DB 0-DB’7)} (DB 0-DB 7) 


starting; when low, data-output 
cycle is starting. 


When high, first byte of 
instruction is being fetched. 


lines. lines. 


When high, indicates delay 
cycle is starting; that is, second 
byte of DLY instruction is 
being fetched. 


When high, indicates that HALT 
instruction has been executed. 
(In some system configurations, 
the H-Flag output is latched, 
and, in conjunction with the 
CONTinue input, provides a 
programmed halt.) 


Note 
The DB 0 through DB 7 

(AD 12 through HFLG) lines 
are high-impedance (open- 
circuit) loads when SC/MP 
does not have access to the 
input/output bus. 
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Dee | Bus Access 


Before SC/MP can transfer data to or receive data from 
memories or other peripherals, it must have access to the 
system address/control bus and the system data bus. A 
simple but effective means of controlling the buses is shown 
in figure 2-3. Bus access is controlled by three signals — bus 
request (BREQ), enable input (ENIN), and enable output 
(ENOUT). For simple systems, BREQ and ENOUT need 
not be used, and ENIN can be permanently enabled; refer 
to notes on figure 2-3. 


With a hookup similar to that shown, bus access is always 
controlled by SC/MP and data transfers from one peripheral 
to another must go through the processor. 


In larger systems, especially those with peripherals that 
feature high-speed data transfers, Direct Memory Access 


NOTES: 


1. To permanently enable, connect 
to Veg 

2. Connect to Vgg through a pull- 
down resistor. 

3. If not used, leave unterminated. 


(Note 1) —>] ENIN 
(Note 2) 


(Note 3) <g— | ENOUT 


PERIPHERAL 


(DMA) is a method frequently used to effect data transfers 
between peripherals and memory. Using this technique, 
data transfers can be directly implemented without invol- 
ving SC/MP (other than control functions). Typical DMA 
configurations and related control-signal timing are shown 
in figure 2-4. In figure 2-4a, bus access is controlled by logic 
circuits in the external DMA controller. As shown in the 
associated timing diagram, SC/MP requests bus-access by 
making the BREQ line high. This signal alerts the DMA 
controller, and if the bus is “idle” (no peripheral with bus- 
access), the enable input (ENIN) line goes high and bus 
access is granted. With both BREQ and ENIN lines high, 
SC/MP can use the address and data buses without inter- 
ruption until the input/output operation is completed; at 
this time, the BREQ line automatically goes low and bus- 
access is terminated. In like manner, the DMA peripherals 
use the “peripheral request” and “‘peripheral enable” lines. 


ADDRESS AND CONTROL BUS 


) WWW. 8™71¥  >7r>r?)]) RAI In All 


ROM/PROM 


DATA BUS 


Figure 2-3. SC/MP-Controlled Bus Access 
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PERIPHERAL 
REQUEST 


EXTERNAL DMA 
DMA CONTROLLER PERIPHERALS 


PERIPHERAL 
ENABLE 


ADDRESS AND CONTROL BUS 
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DATA BUS 


READ ONLY READ/WRITE 
MEMORY (ROM) MEMORY (RAM) 


a. Bus Access Via External DMA Controller 


ADDRESS AND 
CONTROL BUS 


READ ONLY READ/WRITE 
MEMORY (ROM) MEMORY (RAM) PERIPHERALS 


b. Bus Access Via Built-In Multiprocessor Logic 


A/D CONVERTER; 
D/A CONVERTER; 
TRANSDUCER ETC. 


START INPUT/OUTPUT 
(AFTER ENIN GOES HIGH) 


BREQ, /ENIN, | | | | | 
BREQ ISSUED BREQ ISSUED 


BREQ ISSUED 
BY SC/MP #1 BY SC/MP #2 BY SC/MP #N 


ENOUT,/ENIN, | | | | 
ENOUT,/ENIN, | | 


ACTIVE 1/0 ——— 9" | SS — | ale SS 
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Figure 2-4. Typical DMA Configurations 
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Figure 2-4b shows a configuration where the external DMA 
controller in figure 2-4a is replaced by logic built into 
SC/MP. Three control signals (BREQ, ENIN, and ENOUT) 
provide both bus-access and priority-select functions. The 
enable input (ENIN) for SC/MP Number | is tied to the 
wire-ANDed BREQ. Thus, if a bus request is issued by the 
Number | processor, it has priority and controls the bus; 
that is, the input/output cycle for SC/MP Number 1 is 
active. With SC/MP Number 1 controlling the bus, the 
enable out (ENOUT | ) signal is low and other processors in 
the string are locked out. If both SC/MP Number 2 and 
SC/MP Number “N” initiate a bus request (BREQ> and 
BREQw set high) while SC/MP Number 1 is controlling the 
bus, the following operations occur. ENOUT , is low until 
SC/MP Number 1 is finished; then, it goes high. At this 
time, ENOUT and ENIN, go high; thus, SC/MP Number 2 
takes control of the bus. In short, if all processors issue a 
bus request simultaneously, the string is served on a 


ADDRESS 
BUS 


priority-select basis — SC/MP Number 1 first, SC/MP 
Number 2 second, SC/MP Number 3 third — and so on. 
Conversely, if SC/MP Number “‘N”’ issues a bus request and 
there are no others awaiting service, ENINw is high and the 
request is granted. When microprocessors are cascaded as 
shown in figure 2-4b, stray capacitance can be a design 
consideration. With the processors in close physical proxi- 
mity and with care in both hardware selection and inter- 
connect design, the capacitance can generally be reduced to 
an acceptable level. 


Any one of the SC/MP microprocessors shown in figure 
2-4b can be replaced by a DMA peripheral; the BREQ, 
ENIN, and ENOUT control signals are used in exactly the 
same way. Typically, no more than three processors are 
used in a cascade arrangement without an external priority- 
logic controller. 


VALID VALID 


OUTPUT : INPUT 


DATA \ DATA 


NWDS = 
(WRITE STROBE) : 
A, LOW(ACTIVE) 


ONE OR THE 
OTHER OCCURS 


of 


NRDS > 
(READ STROBE) 


LOW(ACTIVE) 
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Figure 2-5. Typical Input/Output Sequence Showing Relative Timing 
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Zio:2 Input/Output Cycle 


Once SC/MP has control of the address and data buses, the 
input/output cycle begins. Basically, the input/output cycle 
consists of inputting (reading data) from or outputting 
(writing data) into a specified memory location. Timing is 
shown in figure 2-5 for memory-access, read-data, and 
write-data operations. NADS strobes in the address for 
either a read or a write operation, and an associated NWDS 
or NRDS thereafter strobes in the write or read data, 
respectively. As shown, the processor either accepts (reads) 
input data from the data bus or outputs (writes) data onto 
the data bus. Since the timing is somewhat different for 
each function, both a read (NRDS) and write (NWDS) cycle 
is indicated. Although the timing relationships in figure 2-5 
are not precise, they are adequate for a study of the 
purpose of signals shown and the sequence of operation. 


NADS HIGH 


(ADDRESS STROBE) 
LOW (ACTIVE) 


1/O 
STATUS 


4 


BIT POSITION 7 


6 5 & 3 2 1 0 
BI 


When a bus request is granted, BREQ and ENIN are high; at 
this time, ADOO through AD11 of figure 2-1 are recognized 
as a valid address and any one of 4,096 discrete memory 
locations can be selected. The 12-bit address is latched on 
the SC/MP chip. That is, it remains on the bus for the 
duration of the input/output cycle; hence, the address 
strobe (NADS) may not be needed if only the 12-bit 
latched address is used. 


An expanded view of the data bus at address-strobe time is 
shown in figure 2-6. When the address strobe (NADS) is 
low, input/output status information on the data bus is 
guaranteed to be valid. As shown by the accompanying 
legend, the 4 high-order address bits (AD12 through AD15) 
specify one of 16 address “pages,”’ whereas the other 4 bits 
are flags available for hardware control. The 4-bit page 
address combined with the 12-bit latched address provides a 
65,536-byte (16 by 4,096) address capability; however, to 
use the page address bits, peripheral latches must be pro- 
vided. 


LEGEND: 


AD,,—AD 4 MOST SIGNIFICANT 
BITS OF ADDRESS 
READ CYCLE FLAG 
INSTRUCTION FETCH FLAG 
DELAY FLAG 


HALT FLAG 


15° 
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Figure 2-6. Data Bus at Address Strobe Time 
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For functional control, the status flags are generally 
latched. The latching arrangement can be anything from a 
simple flip-flop to an MSI device, such as a 4-bit or an 8-bit 
latch. Figure 2-7 shows a typical application where the “‘H”’ 
flag (status bit 7) and the CONTinue input are combined to 
generate a programmed halt. When a start switch S1 is 
momentarily closed to the NO contacts, the debounce 


PRESET 


% OF 
DM 74L74 


SWITCH 
DEBOUNCER CLK 
(% OF DM 8544) 


CLR 


circuit generates a positive-going clock pulse that sets the 
CONT input high via Q. As long as DB7 is not high (H-flag 
not set), the CLR input is high and the processor runs. 
When the H-flag is set high, the CLR input goes low at 
address strobe (NADS) time; accordingly, the CONT input 
is driven low by Q and the processor is halted. 


NOTE: 


Part numbers are shown only for information 
purposes. Other logic components with suitable 
characteristics can be used. 


ADOO —.AD11 


DBO — DB7 


Oj DM 74L00 


Figure 2-7. Using ““H” Flag To Generate a Programmed Halt 


Besides the H-flag/halt function shown in figure 2-7, the 
SC/MP chip is readily adaptable to other control circuits. 
One of these is shown in figure 2-8; here, single-cycle/ 
single-instruction operation is implemented by two flip- 
flops, two switches, and some simple logic. Switch S1 is set 
to the desired operating mode and switch S2 is momentari- 
ly closed to the NO contact. These events cause the CONT 
input to go high and the NHOLD input to go low; thus, an 
instruction is fetched and executed if S1 is set to SINGLE 
INSTRUCTION, or a fetch-and-wait operation occurs if S1 
is set to SINGLE CYCLE. At address-strobe (NADS) time, 
the flip-flops are cleared for the beginning of a new 
operation. 


At the conclusion of the address strobe, the processor is 
ready to begin a data-input (read) cycle or a data-output 
(write) operation. As shown in figure 2-5, the read and 
write functions are synchronized by the read (NRDS) and 
write (NWDS) strobes. When the read strobe is low, data are 
gated from the data bus into the processor; when the write 
strobe is low, data transferred from the processor to the 
data bus are guaranteed to be valid. For a given input/ 
output cycle, either the read or the write strobe is active 
(not both). 


INITIALIZE -O 


i} 
pm7400 }o 

1Z Me 
: 


DM7400 DM7404 


Part numbers are shown only for 
information purposes. Other logic 
components with suitable character- 
istics can be used. 


DM7474 


DM7474 


INITIALIZE 
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Figure 2-8. Circuit Detail To Implement Single-Cycle/Single-Instruction Control 
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Data transfers to and from SC/MP need not be synchro- 
nized, or slaved, to a particular timing sequence; devices 
with widely different data rates and all using common 
system buses can be serviced by the processor. As shown in 
figure 2-9a, a data transfer between SC/MP and memory 
peripherals (with access times of 1.0 microsecond or less in 
systems that use a 1MHz crystal) is a simple and straight- 
forward process. The input/output sequence proceeds as 
follows: 


e Bus request from SC/MP 

@ Request granted by internal or external logic 
control 

@ Address valid (and latched if memory exceeds 4K) 

@ Data valid and either inputted or outputted, as 
appropriate 


NRDS —®| FAST MEMORY 
(ACCESS TIME 
< 1.0 usec) 


READ 
STROBE 


NHOLD (TIE HIGH) 


a. Fast-Access Memory 


ADDRESS 


BUS 


DATA 
BUS 


SLOW MEMORY 
(ACCESS TIME 
> 1.0 psec) 


READ 
STROBE 


NOTE: As shown by dotted line, 
the NHOLD (extend) signal 
can go active even after the 
leading edge of the data 
strobe. 


b. Slow-Access Memory 


Valid data appear on the data bus before the read strobe 
makes a low-to-high transition. When using a fast memory, 
valid data are always present before the read strobe goes 
inactive; thus, there is no need to extend the read-strobe 
interval. Compare this with the slow-memory read cycle 
shown in figure 2-9b. The input/output sequence is identi- 
cal to that just described; however, now the memory-access 
time is appreciably longer, and the read strobe may termi- 
nate before the slow-memory device can put “valid” data 
on the bus. To prevent such an occurrence, an NHOLD 
signal is generated by the slow-memory peripheral and is 
applied to the control logic of SC/MP. As illustrated, the 
read (or write) strobe is extended by NHOLD to satisfy the 
particular memory-access requirement, without any sacri- 
fice in processing speed. 


ae 


air VALID ADDRESS 
ney VALID 
DATA 


NORMAL NRDS TIME 

(MEMORY ACCESS 

< 1.0 psec) 
NRDS TIME EXTENDED 
BY NHOLD (MEMORY 
ACCESS > 1.0 usec) 


NOTE ———————->"\ 


Figure 2-9. Extending Input/Output Cycle for Slow-Memory Devices 
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Pe hes Buffering SC/MP Buses in figure 2-10a. As peripheral and memory requirements 
increase, buffering is required. Typically, the buses can be 


In small systems with minimum memory requirements, buffered as shown in figure 2-10b 


buffering of the address and data buses may not be re- 
quired. Such a simple system with hookup details is shown 


NOTE: Part numbers are shown only for 
information purposes. Other 
memory components with suitable 
characteristics can be used. 


cS1 CS2 CE2 OD R/W CEI CE1 CE2 OD R/W 


ROM RAM RAM 
MM5246(2048 x 8) MM2101(256 x 4) MM2101(256 x 4) 


DATA BUS 


ig py 


a. Nonbuffered Buses — Small System That Does Not Use NHOLD, CONT, and Bus-Access Logic 


b. Buffered Buses (Large System) 


NOTE: Part numbers are shown only for 
information purposes. Other 
logic components with suitable 

ADOO THRU AD11 characteristics can be used. 

gore See 

BUFFER NHOLD 
(DM: 8095) ADDRESS, READ 


AND WRITE 
STROBES ADDRESS/CONTROL BUS 


MM GGG 


BIDIRECTIONAL DB 0 THRU DB7 


BUFFER 
(DM 8833) 


DATA BUS 


ADDRESS INPUT/OUTPUT STATUS (AD12—AD15) 
LATCH 


(DM 8551) 


Figure 2-10. Nonbuffered and Buffered Bus Interfaces 
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2.3.4 Serial Input/Output Data Transfers 


For high-data rate peripherals, information is moved to and 
from SC/MP in parallel; however, input or output of data in 
serial form is an efficient means of transferring data for 
slow data-rate peripherals — such as X-Y plotters, teletype- 
writers, slow-speed printers, and so on. An example of how 
the serial input/output capability can be used is shown in 
figure 2-11. Serial data are moved directly into and out of 


8 
PARALLEL 
INPUTS 


CLOCK CLOCK 


INHIBIT 


MM74C165 
8-BIT SHIFT REGISTER 
(PARALLEL INPUT— 
SERIAL OUTPUT) 


the extension register using the SIN and SOUT ports of 
SC/MP. In this case, flags 0,1, and 2 are used to control the 
shift registers; in other applications, the flags and the two 
sense inputs might be used to input and output the serial 
data. In figure 2-11, the SIN and SOUT lines could be 
expanded to serve eight or more input/output devices by 
the use of appropriate multiplexer components. 


Part numbers are shown only for 
information purposes. Other memory 
components with suitable characteristics 
can be used. 


DATA BUS 


ADDRESS/CONTROL 
BUS 


WiwW«=W’Ww’'©»w’»’'’W\ 


CLOCK CLR 


SA 
MM74C164 8 
8-BIT SHIFT REGISTER PARALLEL 
SB (SERIAL INPUT— OUTPUTS 
PARALLEL OUTPUT) 


Figure 2-11. Using SC/MP With a Simple Serial Interface 


Dae: Flags and Sense 


Bits 0, 1, 2,4, and 5 of the status register provide three flags 
and two sense inputs. Bit assignments are as follows: 


Status Register Bit Description 
0 User Flag 0 (Output) 
User Flag 1 (Output) 
Bs User Flag 2 (Output) 

4 Sense A (Input) 

5 Sense B (Input) 


Each of the foregoing functions is available at a pin of the 
SC/MP chip; thus, it may be monitored easily during 
program development or a debug procedure. Both the flag 
outputs and the sense inputs can be used for hardware 


INTERRUPT 


control; likewise, they can be used for software status or 
for a combination of hardware/software control. 


2.3.6 SC/MP Interrupt 


The interrupt system of SC/MP is under software control 
and is supervised as indicated in figure 2-12. Before an 
instruction is fetched, bit 3 of the status register is tested. If 
the bit is not set (interrupt enable flag low) and the 
CONTinue input is high, the program counter is incre- 
mented, and the next instruction is fetched and executed. 
If bit 3 is set and the enable-interrupt (Sense A) line is high, 
the interrupt is serviced: bit 3 (enable flag) is reset and the 
contents of the program counter are exchanged with the 
contents of pointer register 3 — the pointer contains the 
address of the subroutine that services the interrupt. 


ENABLE FLAG SET 


(Bit 3 of Status 
Register) 


INTERRUPT —— 


RESET INTERRUPT 
ENABLE FLAG; EXECUTE 
XPPC 3 


INCREMENT PROGRAM 
COUNTER; FETCH AND 
EXECUTE INSTRUCTION 


NS 10441 


Figure 2-12. SC/MP Interrupt/Instruction-Fetch Process 


2.4 


OD General Considerations 


Except for input and output serial transfers of data, all data 
enter and exit the SC/MP chip via an 8-bit bidirectional 
input/output data bus — pins 9 through 16 in figure 2-1. 


Two operator-controlled functions start operation of the 
CPU. First, the CPU is initialized by pulsing the NRST 
(reset) signal low for an interval at least twice the time 
period of the crystal (1/fXtal); NRST must be returned 
high for the processor to start operation. (Once initialized, 
NRST must remain high for normal SC/MP operation.) 
Second, the CONT (continue) signal is set high to start the 
processor. Operation then proceeds as follows. 


When the processor is started, the program counter is 
incremented and the first byte (an instruction) is fetched 
from the address specified by the contents of the program 
counter — memory location 0001 | ¢. The first instruction 
byte enters the CPU via the input/output data bus and then 
enters the instruction register. The instruction is decoded 
and then is implemented under control of the instruction 
decode and contro] unit. A single-byte instruction specifies 
an operation that SC/MP can execute without further 
reference to memory. A single-byte instruction has a ‘0’ in 
bit position ‘7’ (most significant bit), whereas a double-byte 
instruction has a ‘1’ in bit position ‘7’ of the first byte. A 
double-byte instruction in addition to the operational 
information contained in the first byte also contains a 
second byte that is either an 8-bit data or an 8-bit displace- 
ment field. When the second byte represents data, the data 
are processed by SC/MP during execution of the instruc- 
tion. When the second byte represents a displacement value, 
it is used to calculate an address that will be accessed 
(written into or read from) during execution of the 
instruction (this is covered later in this chapter under 
SC/MP Addressing (2.4.4)). 


It is also possible to initialize the CPU with the CONT 
signal high; in this case, all registers are cleared and program 
execution resumes at location 0001;¢ when NRST goes 


high. | 


Other than the control, the decoding, and the arithmetic 
logic that effect implementation of the CPU operations, all 
on-chip data manipulation uses one or more of the seven 
programmer-accessible registers — shown in figure 2-13. 
Three of these registers are 8 bits wide: the accumulator, 
the status register, and the extension register. The other 
four registers are 16-bit pointer registers 0, 1, 2, and 3; 
pointer register 0 is dedicated as the program counter. All 
16-bit registers are linked internally by two read buses and 
two write buses — the low-order set of buses dedicated to 
bits O through 7 and the high-order set dedicated to bits 8 


INTERNAL CONTROL AND DATA MOVEMENT 


through 15. The 8-bit registers connect only to one read 
bus and one write bus. The capability to exchange high- 
order and low-order bytes is discussed in the descriptions of 
appropriate instructions (appendix A). 


In contrast to the seven above-described fegisters, there are 
three other registers. Two registers, the instruction register 
and the input/output data register, are 8 bits wide. The 
instruction register (mentioned above) holds an instruction 
byte en route to the instruction decode and control logic. 
The input/output data register is the link between the 
input/output data bus and the seven programmer-accessible 
registers. The 16-bit output address register is the link 
between the programmer-accessible registers and the 
address buses. 


2.4.2 Summary of SC/MP Registers 


The formats of the seven SC/MP operator- and program- 
controllable registers are shown in figure 2-13. The purposes 
and functions of these registers are described in 2.4.2.1 
through 2.4.2.5. 


2.4.2.1 Accumulator (AC) 


The 8-bit accumulator (AC) is the primary working register 


“of SC/MP. The accumulator is used in performing arith- 


metic and logic operations and for storing the results of 
these operations. Data transfers, shifts, and rotates also use 
the accumulator. In all, 37 of the 46 SC/MP instructions 
use the accumulator. 


2.4.2.2 Status Register (SR) 
7 6 5 4 3 2 1 (0) Bit Positions 
wn foo fee fmt teotee ter] rue 


The status register (SR) provides storage for arithmetic, 
control, and software status flags. The function of each bit 
in the register is shown below. 


Bit Description 

0 User Flag 0 (FO). User assigned for control func- 
tion or for software status. The output of this bit 
is available at a pin of the SC/MP chip. 

1 User Flag 1 (F1). Same as FO. 

User Flag 2 (F-2). Same as FO. 

3 Interrupt Enable Flag (IE). The processor recog- 


nizes the interrupt input if this flag is set. 


15 , 14,13 ,12 


15 , 14,13 ,12 ,11 


15 , 14 ,13 ;12 ,11 


15 , 14 ,13 ,12 ,11 


Accumulator (AC) 


Status Register (SR) 


Extension Register (E) 


Program Counter (PC) 
[Pointer Register 0(PO)] 
Pointer Register 1 (P1) 
Pointer Register 2 (P2) 


Pointer Register 3 (P3) 
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Figure 2-13. Operator-Controlled Registers 


Bit Description 

Sense Bit A (SA). This bit is tied to a package pin 
and may be used to sense external conditions. This 
bit is “‘read-only”’; thus, the Copy Accumulator to 
Status Register (CAS) Instruction does not affect 
this bit. When Interrupt Enable is set, Sense Bit A 
serves as the interrupt input. 


Sense Bit B (SB). Same as SA, except it is not used 
as an interrupt input. 


Overflow (OV). This bit is set if an arithmetic 
overflow occurs during an add (ADD, ADI, or 
ADE) or a complement-and-add instruction (CAD, 
CAI, or CAE). Overflow is not affected by the 
decimal-add instructions (DAD, DAI, or DAE). 


Carry/Link (CY/L). This bit is set if a carry from 
the most significant bit occurs during an add, a 
complement-and-add, or a decimal-add instruction. 
The bit is also included in the Shift Right with 
Link (SRL) and the Rotate Right with Link 
(RRL) Instructions. CY/L is input as a carry into 
the bit 0 position of the add, complement-and- 
add, and decimal-add instructions. 


2.4.2.3 Extension Register (E) 


The 8-bit extension register (E) is used primarily with the 
accumulator to perform arithmetic, logic, and data-transfer 
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operations. If the displacement in an indexed or an auto- 
indexed memory-reference instruction equals -128)q, then 
the contents of E are substituted for the displacement for 
the given instruction. Another function of the extension 
register is serial input/output; the serial input/output func- 
tion is a simultaneous operation (that is, as the high-order 
bit is inputted, the low-order bit is outputted). 


2.4.2.4 Program Counter (PC) 


The program counter (PC) is the dedicated 16-bit pointer 
register PO. The program counter contains the address of 
the instruction being executed; it is incremented just before 
an instruction fetch. Arithmetic affecting the program 
counter is performed on the low-order 12 bits; the high- 
order 4 bits are not affected. Thus, the contents of the 
program counter can “wrap around”’ in a 4,096-byte page. 


2.4.2.5 Pointer Registers (PTR) 


There are three 16-bit pointer registers (PTR) available for 
memory and peripheral device addressing, and for use as 
page pointers, stack pointers, or index registers. As men- 
tioned previously, PO is assigned the function of program 
counter by the design of the hardware. 


2.4.3 Inter-Register Data Flow 


Data flow relationships between memory and the seven 
registers of SC/MP are shown and described in figure 2-14. 


STATUS 
REGISTER 


(8 Bits) 


ACCUMULATOR EXTENSION (5) SERIAL INPUT 
gee REGISTER REGISTER 


MEMORY (8 Bits) (8 Bits) (5) SERIAL OUTPUT 


POINTER REGISTER 1 
(16 Bits) 


HIGH LOW 
(Bits 8-15) (Bits 0-7) 


POINTER REGISTER 2 


(16 Bits) PEGE RG: 
@ The low-order byte (bits 0-7) of any pointer register can 
HIGH LOW be exchanged with the 8-bit accumulator. 


(Bits 8-15) (Bits 0-7) @_ The high-order byte (bits 8-15) of any pointer register can 


be exchanged with the 8-bit accumulator. 


POINTER REGISTER 3 @) The entire contents (bits 0-15) of pointer register 0 
(16 Bits) (program counter) can be exchanged directly without 
going through the accumulator) with any of the other 
three pointer registers. 
HIGH Low 
7 @) The contents of the accumulator can be exchanged with 
(Bits 8-15) (Bits 0-7) the contents of the extension register, or the accumulator 
can be loaded from the extension register. 
The data are serially shifted (one bit at a time) into and 
out of the extension register. (Note that the output line 
is latched to maintain valid data between shift commands.) 
The contents of the accumulator are copied into the status 
register or vice-versa; the original contents of the destination 
register are lost. (When the contents of the accumulator 
are copied into the status register, status bits 3 and 4 are 
not affected.) 
As shown, all memory-reference data enter or leave the 
processing chain via the accumulator. 


HIGH LOW 
(Bits 8-15) Bits 0-7) 


POINTER REGISTER 0 
(PGM CTR—-16 BITS) 
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Figure 2-14. Interrelationships of SC/MP Registers 
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2.4.4 SC/MP Addressing 


2.4.4.1 General Capabilities © 


One of the foregoing 16-bit pointer registers is used in each 
memory-reference instruction. The program counter (poin- 
ter register 0) is always used to specify the addresses of 
program instructions (or data), whereas pointers 1, 2, and 3 
are used for other address/data requirements. Unless other- 
wise specified, the SC/MP assembler always uses the pro- 
gram counter for memory access; if no other pointer is 
specified and access cannot be gained via the program 
counter, an addressing error is indicated. 


The basics of addressing can best be understood by a study 
of the register formats shown in figure 2-15. As shown ina, 
each pointer register can identify absolutely any of 65,536 
memory locations — 0000;¢ to FFFF )¢. To conserve 
pinouts on the chip, the absolute-addressing capability of 
the pointer register is subdivided — see view b. The 4 most 
significant bits are dedicated to “‘page”’ selection (1 of 16) 
and can only be changed via a program-load command. The 
12 low-order bits can be altered arithmetically to address 
any one of 4,096 locations within the selected page. As 
shown in c, the 8-bit displacement field in the instruction 
provides an offset within the selected memory page. The 
displacement is a signed 8-bit value that when algebraically 
combined with the content of a designated pointer register 
yields an address variance of 256 words (-128 to +127) 
within the selected page. 


To provide maximum programming flexibility, wraparound 
addressing is used. That is, when the last address on the 
selected page is reached, a new page is not automatically 
selected; instead, the carry into page-select bits are ignored. 
Refer to following description of addressing architecture. 
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a. Absolute Addressing Capability of Each 
Pointer Register — 65,536 Discrete 
Memory Locations 


4 Most Sig- 
nificant Bits 12 Least Significant Bits 
REELS EEDA. g SSIS EAE AEST PLNES ONE HIER UES REE 


HEGRE SERoe Ane 


16-Bit Pointer Register Formatted To 
Yield 16 Memory Pages with 4,096 
Addresses per Page 


8-Bit 8-Bit 
OP Code Displacement 
_ ELLE LEE ELLE TATA TOEEL LI TO ELT NET 


fea] os ese Tose FT [aT aaa 


c. Instruction Register Providing Subpage 
Addressing (—128 to +127) via Signed 
8-Bit Displacement Field 
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Figure 2-15. Addressing Capabilities of SC/MP 


2.4.4.2 Addressing Architecture 


Memory is organized as a sequence of 8-bit bytes. Each 
byte is identified by a 16-bit address that represents its 
sequential position in memory from 0 to X’FFFF 
(65,5359). As shown in figure 2-16, memory is divided 
into 16 pages of 4,096 bytes each. Each address consists of 
a 4-bit page address and a 12-bit page displacement. 


16—BIT MEMORY ADDRESS 
(EE OE ETI, 


15 12, 11 0 
= 


PAGE 15 (X’F) 
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Figure 2-16. Memory Organization of SC/MP 


When performing arithmetic to calculate the effective 
address of an operand, the calculations are performed on 
the low-order (displacement) portion of the address with no 
carry into the high-order (page) portion. See the following 
table for examples. 


When the address displacement remains within the current 
page, no carry is generated because the sum of the displace- 
ments did not produce a carry. In the example where the 
displacement exceeds the page size, a carry is normally 
generated when the two numbers are summed, but it is not 
carried into the page address field. 
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Address Displacement Address Displacement 
Address | Displacement | Address | Displacement 
of Page | Within Page of Page | Within Page 


Displacement 
From 
Instruction 


When incrementing the address to fetch the next instruc- 
tion, the same page/displacement arithmetic occurs. 


If a 2-byte instruction is inadvertently separated by a page 
boundary, an error occurs. Consider the following sequence 
of instructions on pages 0, 1 and 2 — with the first digit of 
the address designating the page and the next three digits, 
the location within the page. 


Address Instruction 
Page 0 
OFFF FF 
Brie ye eer eee Page Boundary 
1000 81 
1001 AO 
Page 1 
1FFE DO 
lel ale Co 
mie wisn uate wide Git Seated oe Page Boundary 
2000 A2 
Page 2 ; : 


The instruction intended, when the PC = 1FFF (last word 
in page 1), is X’COA2 (LD 20A2). However, instead of 
fetching the latter half of the instruction from page 2, a 
wrap-around is made to the first word of page 1; the 
instruction that will be executed is X’C081 (LD 1081). The 
user must organize his programs to provide protection from 
the situation described above. 


GENERAL DESCRIPTION — The 95H90 is a high speed prescaler designed specifically for 
communication and instrumentation applications. It will divide an input clock by either 10 or 11 at 
frequencies in excess of 240 MHz. The division ratio is controlled by the mode control. The divide by 
10 or 11 capability allows the use of pulse swallowing techniques to control high speed counting 
modulos by lower speed circuits. 


The 95H90 may be used in conjunction with ECL or TTL logic with power supplies of —5.2 V 
or +5.0 V. 


The device is packaged in an hermetic 16-lead ceramic Dual In-Line package. It is available in 
commercial 0°C to +75°C and military —55°C to +125°C temperature ranges. 


e HIGH SPEED... 320 MHz (TYP) 

e +10/11 ENABLE 

e HIGH SPEED RESET 

@ SEPARATE Vcc PINS ELIMINATE NOISE COUPLING 
e INTERNAL PULL DOWN 

e 50 2 LINE DRIVE CAPABILITY 

e SINGLE —5.2 V OR +5.0 V POWER SUPPLY 

e LOW CLOCK FEED-THROUGH OF ONLY 70 mV (TYP) 
e SMALL SIGNAL INPUT IMPEDANCE POSITIVE REAL FOR ALL FREQUENCIES 
e AVAILABLE IN COMMERCIAL OR MILITARY RANGE 
PIN NAMES 


5 ot [a Dual “OR” Clock Inputs (Active HIGH) 
= ie ek see] Prescale by 11 (eleven) ‘‘AND” Enable Inputs (Active LOW) 


MS Asynchronous Master Set (Active HIGH) 
Q4 Assertion Output 
a4 Complement Output 


LOGIC DIAGRAM 


O = PIN NUMBERS 


Note that this diagram is provided for understanding of logic operation only. It should not 
be used for evaluation of propagation delays as many gate functions are achieved internally. 
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LOGIC SYMBOL 


95H90 


Vec = GND or +5.0 V 
Vcc (AUX) = GND or +5.0 V 
Vie pia 3:21) OL oONE 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


COUNT SEQUENCE 
Q2 Q4 (PIN 8) 


e 
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Note: ‘‘HHHWH”’ is set state and 
additional state for +11 mode. 
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FAIRCHILD ECLe 95H90 


FUNCTIONAL DESCRIPTION — The 95H90 acts as a controllable divide by 10 or divide by 11 prescaler accepting clock pulses at frequencies 
in excess of 240 MHz. Output Q4 is LOW for five incoming clock pulses and HIGH for the subsequent five or six. The decision between the two 
modes is controlled by the PE inputs. If both PE1 and PE2 are LOW or open before the LOW to HIGH transition of the first clock pulse, then 
Q4 will stay HIGH for the first six incoming clock pulses (divide by 11). If either PE1 or PE2 is HIGH before the LOW to HIGH transition of 
the first clock pulse, the 04 output will stay HIGH for the first five incoming clock pulses (divide by 10). 


The two input ‘““OR” clock inputs can be used to combine two independent clock sources or one input can act as a clock enable (active LOW). 


A master set is provided to initialize the prescaler. This input, when activated, overrides the clock and forces the prescaler into the HHHH state 
with Q4 forced HIGH and O4 forced LOW. The prescaler will divide by 10 the first count cycle after being master set. 


95H90 MODE SELECTION TABLE* 


PRESCALER MODULO 


Divide By 


*When using the 95H90 simply as a modulo 10 prescaler, the O 
11 output may be connected to a PE input to obtain the necessary 
HIGH input. 


10 
10 
10 


ABSOLUTE MAXIMUM RATINGS (above which useful life may be impaired) 


Storage Temperature 

Supply Voltage Veg (Continuous) 
Input Voltage 

Output Current 


—65° C to +150°C 
8.07, 

GND to VEE (max) 
—50 mA 


COMMERCIAL RANGE 
DC CHARACTERISTICS: T, =0°C to +75°C, Vcc = GND, Veg = —5.2 V, See Note 4. 


LIMITS (Note 1) 


SYMBOL CHARACTERISTICS UNITS CONDITIONS 
VOH Output Voltage HIGH m FO = 1 Gate Vit (—1700 mV) 
FO = 5 Gates or Vjy = (—900 mV) 
Ry = 50 2 to —2:0 V as per Count Sequence 
VOL Output Voltage LOW FO = 1 Gate Vit (—1700 mV) 


FO = 5 Gates or Vip = (—900 mV) 
Ri = 50 2 to —2.0 V as per Count Sequence 
Guaranteed Input Threshold Voltage HIGH 
Guaranteed Input Threshold Voltage LOW 

Vin = —900 mV to MS Input (Pin 14) 

Vin = —900 mV to Other Inputs 

All Inputs Open — See Note 2 


lEE Power Supply Current —85 —110 m 


MILITARY RANGE 
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LIMITS (Note 1) 
B JPA 


SYMBOL CHARACTERISTICS CONDITIONS 


VOH Output Voltage HIGH FO = 1 Gate 
FO = 5 Gates 


R_ =502 to -2.0 V 


mV FO =1 Gate 
FO = 5 Gates 
Ri = 50 2 to —2.0 V 
am Sa 
mag | 
PRC ee 


Vit (—1700 mv) 

or Viy = (—900 mV) 
as per Count Sequence 
Vit (—1700 mv) 

or Viy = (—900 mV) 


as per Count Sequence 


VOL Output Voltage LOW 


VIH Input Threshold Voltage HIGH m Guaranteed Input Threshold Voltage HIGH 
VIL Input Threshold Voltage LOW —1525 mV Guaranteed Input Threshold Voltage LOW 
IH Input Current HIGH (Set) 2.40 4.30 mA Vin = —900 mV to MS Input (Pin 14) 

lee Power Supply Current oo eu) mA All Inputs Open — See Note 2 
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APPLICATIONS (Cont'd). 


nine’s complement decade switches are required, since the switch must ground the counter input in order to insert a zero. At the beginning of a 

divide cycle the swallow counter and the program counter are loaded with the nine’s complement of the desired ratio and count from there 

to their respective terminal states. If a ratio of 83 is desired, the swallow counter is preset to six and the program counter to 9991. The 

Programmable counter will produce a terminal count output after eight pulses from the prescaler, but since the swallow counter was preset to 

six, the prescaler will have divided by 11 three times, by ten the other five times. As a result, the output pulse will occur after 83 input pulses. 

The prescaler modulo (K) is usually chosen to be 10, this is sufficient to bring the input frequency into TTL range. Higher modulo (20/21, 

100/101 prescalers may be implemented, if desired, with additional 9500 or 95K gates and flip-flops. 

A low cost four decade programmable divider is shown in Figure 6. It is capable of dividing by all integers from 90 to 9999. It is programmed 

by applying the nine’s complement of the desired division ratio to the four decade counters. 

The maximum operating frequency of the circuit of Figure 6 is limited by three factors. 

1. The operating frequency of the 95H90. 

2. The delay of the path from the 95H90, through the ECL to TTL interface, the TTL logic, the TTL to ECL interface, and PE set-up time 
must be less than 10 divided by the input frequency. For 200 MHz operation this is 10/2 X 108 = 50 ns. 

3. The terminal count ripple delay through the TTL counters. This may be a factor for low divide ratios. 


Figure 7 illustrates a circuit which is modified to decrease the TTL delays. A 93S10 Schottky TTL counter is utilized to reduce the delay to the 
PE input. In addition, a two stage shift counter (D & E) controls the synchronous loading of the program counter, reducing terminal count 
ripple in two ways. First, the propagation delay of the two input NAND is eliminated. Secondly, additional time is allowed for the terminal 
count to ripple through the program counter. 
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FAIRCHILD ECLe 95H90 


FUNCTIONAL DESCRIPTION — The 95H90 acts as a controllable divide by 10 or divide by 11 prescaler accepting clock pulses at frequencies 
in excess of 240 MHz. Output 04 is LOW for five incoming clock pulses and HIGH for the subsequent five or six. The decision between the two 
modes is controlled by the PE inputs. If both PE1 and PE2 are LOW or open before the LOW to HIGH transition of the first clock pulse, then ¢ 


Q4 will stay HIGH for the first six incoming clock pulses (divide by 11). If either PE1 or PE2 is HIGH before the LOW to HIGH transition of 
the first clock pulse, the Q4 output will stay HIGH for the first five incoming clock pulses (divide by 10). 


The two input “OR” clock inputs can be used to combine two independent clock sources or one input can act as a clock enable (active LOW). 


A master set is provided to initialize the prescaler. This input, when activated, overrides the clock and forces the prescaler into the HHHH state 
with Q4 forced HIGH and O4 forced LOW. The prescaler will divide by 10 the first count cycle after being master set. 


95H90 MODE SELECTION TABLE* 


PRESCALER MODULO 


Divide By 


*When using the 95H90 simply as a modulo 10 prescaler, the O 
output may be connected to a PE input to obtain the necessary 


1 HIGH input. 


10 
10 
10 


ABSOLUTE MAXIMUM RATINGS (above which useful life may be impaired) 


Storage Temperature —65° C to +150°C 
Supply Voltage VEE (Continuous) —8.0 V 
Input Voltage GND to VEE (max) 
Output Current —50 mA 


COMMERCIAL RANGE 
DC CHARACTERISTICS: T, = 0°C to +75°C, Vcc = GND, Veg = —5.2 V, See Note 4. 


LIMITS (Note 1) 
SYMBOL CHARACTERISTICS UNITS CONDITIONS 
B Thee A 
mV 


VOH Output Voltage HIGH FO = 1 Gate Vit (—1700 mV) 

FO = 5 Gates or Vi}H = (—900 mV) 
R= 50 2 to —2.0 V as per Count Sequence 
VOL Output Voltage LOW mV FO = 1 Gate Vit (—1700 mV) 

FO = 5 Gates or ViH = (—900 mV) 


Rie = 50 to —2/OV as per Count Sequence 


Vin Guaranteed Input Threshold Voltage HIGH 
VIL Guaranteed Input Threshold Voltage LOW 


MILITARY RANGE 


DC CHARACTERISTICS: T, = —55°C to +125°C, Vcc = GND, Veg = —5.2 V, See Note 4. 


LIMITS (Note 1) 
SYMBOL CHARACTERISTICS UNITS CONDITIONS 
B Tee A 
mV 


VOH Output Voltage HIGH Oe inGate Vit (—1700 mV) 


FO = 5 Gates or ViH = (—900 mV) 


Ry =50 2 to —2.0 V as per Count Sequence 


VOL Output Voltage LOW mV FOR Gate Vit (—1700 mV) 
FO = 5 Gates or Vi = (—900 mV) 


Ry. = 50 2 to —2.0, V as per Count Sequence 
VIL mV Guaranteed Input Threshold Voltage LOW 


VS= Power Supply Current —85 —119 mA All Inputs Open — See Note 2 


Guaranteed Input Threshold Voltage HIGH <q 


FAIRCHILD ECL 95H90 FAIRCHILD ECL® 95H90 


COMMERCIAL RANGE APPLICATIONS 


AC CHARACTERISTICS: T, =0° 7 = =— 
A=9C to +75 C, Vcc = GND, Veg 5.2 V, See Note 4. INPUT CLOCK — The 95H90 has four master/slave flip-flops. Data enters the master when the clock is LOW and transfers to the slave and then 


SYMBOL 


LIMITS 


oc +25°C +75°C | UNITS 
. | MIN. TYP. MAX.]| TYP. 


CHARACTERISTICS : CONDITIONS 


Propagation Delay (50%-50%) 
CP to Q4 
CP to 04 
MS to Q4 5. TP aris 
[SetupTime,PEtocP | OS | 05 
Output Fall Time (90%-10%) Lise 200s 6 


MILITARY RANGE 


Output 

Rx, = 50 2 to —2.0 V 

Cy < 5.0 pF (Strip Line Jig) 
Input 

tyj = tfj = 2.0 + 0.1 ns (10%-90%) 


See Figure 1 


Sine Wave of 800 mVpp about —1300 mV (Note 3) 


AC CHARACTERISTICS: T, = —55°C to +125°C, Vcc = GND, Veg = —5.2 V, See Note 4. 


SYMBOL CHARACTERISTIC CONDITIONS 


Propagation Delay (50%-50%) 
CP to Q4 
CP to 04 
MS to 04 


Output 
R,_ = 50 2 to -2.0 V 
Cy. < 5.0 pF (Strip Line Jig) 
Input 
tr) = tj = 2.0 + 0.1 ns (10%-90%) 


7.0 

78 
Pos 
Output Rise Time (WORGOM | 20 [7120 36 | 20 
13 


See Figure 1 


5.3 
2.0 2.0 6 
Output Fall Time (90%-10%) 2.0 6 
360 


Maximum Clock Frequency | 360 | 240 320 


The symbols and terms used in this data sheet have been chosen to agree with the latest standards of the Electronics Industries Association 
and the International Electrotechnical Commission. The relative values of the specified conditions and limits will be referenced to an 
algebraic scale. The extremities of the scale are: 


Sine Wave of 800 mVpp about —1300 mV (Note 3) 


NOTES: 


**A" the value closest to positive infinity. 
““B”’ the value closest to negative infinity. 
Positive current is defined as conventional current flow /nto a device pin. Negative current is defined as conventional current flow out of a 
device pin. 
For reliable sine wave input operation, frequency should be equal to or greater than 1.0 MHz. 
The 95H90 will meet its dc and ac characteristics after thermal equilibrium has been established. 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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| 

| 

| OUTPUT Q (+10) 
| —" 

| 


| 


I tp, CP TO 4 | | 
| 

| tpyy,. cP TO. a4, +10] | 

| 

| 


(-11), OPEN ——O P— v,,4(=10) 


OUTPUT Q (+11) 


sere SteaeaAl 


CONDITIONS 
Voc = +2.0V ‘ —e| | tery, cP TO 04 et be toy. cP T0084, =11 
Vee =—2-2 Vv es 
Ry = 50 Q (Scope input impedance) 
C,_ = Jig and stray capacitance < 5.0 pF 
L1 = L2 equal 50 22 impedance lines wal 

t, PE TO CP 


CLOCK PULSE CONDITIONS z 
Vin = +1100 mV 

Vi_ = +300 mV 

ty; = tej = 2-0 + 0.1 ns (10% - 90%) with no circuit under test Fig. 1 


to the outputs when the clock goes HIGH. Both these operations require typically 1.6 ns; maximum frequency operation therefore requires a 
50% duty cycle clock. 

The clock swing should be centered about the internal Vgp level of the 95H90, which is nominally —1.32 V when Veg is —5.2 V. When the 
clock signal comes from another 9500 or 95000 ECL element, this is automatically accomplished. Otherwise, an input biasing network such as 
R1 and R2 shown in Figure 3 should be used. : 

Under carefully controlled conditions, an individual 95H90 will operate with a peak-to-peak clock amplitude of approximately 0.4 V, but with 
Practical consideration of supply voltage change, noise environment, clock centering and the tendency for signals to become sinusoidal at 
extended frequencies, a peak-to-peak amplitude of 0.8 V is considered optimum. Extra drive can be used in squaring the waveform, e.g., with 
the Schottky clamping diodes of Figure 3. If the high level of the clock increases in magnitude beyond —0.6 V, the input transistor can be 
driven into soft saturation, reducing its frequency response. 


USE WITH TTL — The 95H90 is specified for operation with Vcc = ground and Veg = —5.2 V. Interface to TTL systems may be made using 
9595 or 95125 ECL to TTL translator and the 95124 TTL to ECL translator. Alternately, the 95H90 may be operated with Vcc = +5.0 V, 
VEE = ground. Care must be used to insure the current spikes produced by the TTL circuits do not cause false triggering of the 95H90. When 
using the +5.0 V connection, the circuits of Figure 4 may be used to interface between the 95H90 and TTL. The 95H90 to TTL translator of 
Figure 4A is sufficient for O°C to +75 °C operation. For extended temperature range operation, the circuit in Figure 4B is recommended. 


COOLING — From Figure 2 it is apparent that higher temperatures reduce maximum operating frequency. At elevated ambient temperatures 
improved performance will be obtained by cooling the package, e.g., by forced air or by thermal conductance through the bottom of the 
Package to the pc board or other mounting surfaces. 
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Fig.4 TTL INTERFACE WHEN USING A COMMON SUPPLY VOLTAGE 


PROGRAMMABLE DIVIDERS — A major usage of the 95H90 is in high speed programmable dividers for frequency synthesizers. The 95H90 
is expressly designed for ‘‘pulse-swallowing’’, a technique by which high speed programmable dividers may be controlled by slower TTL devices. 
Pulse swallowing uses three functional blocks: (Figure 5) 

1. A variable modulo prescaler, controllable between modulo K and. K+1 (typically 10/11, 20/21 or 100/101). 

2. A swallow counter which controls the prescaler. 

3. A program counter. 


The swallow counter determines the number of times that the prescaler divides by K+1, effectively swallowing one additional input pulse for 
each output pulse to the programmable counter. As an example, consider a divider (K = 10) that is programmed by decade switches. Inverting 
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Fig. 7 PROGRAMMABLE DIVIDER WITH IMPROVED SPEED (PROGRAM WITH NINES COMPLEMENT) 


ORDER INFORMATION 


COMMERCIAL — Specify 95H90DC where D is for 16-lead Dual In-Line Package and C is for 0°C to +75°C temperature range. 
MILITARY — Specify 95H90DM where D is for 16-lead Dual In-Line Package and M is for —55°C to +125°C temperature range. 


PACKAGE INFORMATION 


6B — 16-LEAD SS! DUAL IN-LINE PACKAGE 
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016 


NOTES: 

All dimensions in inches 

Leads are intended for insertion in hole rows on .300” 
centers 

They are purposely shipped with ‘‘positive’’ misalign- 
ment to facilitate insertion 

Board-drilling dimensions should equal your practice 
for .020 inch diameter lead 

Leads are tin-plated kovar 

Package weight is 2.0 grams 

*The .037/.027 dimension does not apply to the 

corner leads 
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2.4.4.3 Addressing Formats 


During execution, instructions and data defined in a 
program are stored into and loaded from specific memory 
locations, the accumulator, or selected registers. Because 
the CPU, memory (read/write and read-only), and _peri- 
pherals are on a common data bus, any instruction used to 
address memory may also be used to address the peripher- 
als. The formats of the instruction groups that reference 
memory are shown below. 


Memory Reference 
Instructions 


——— 
——————_-- 


Memory Increment/ 
Decrement Instructions 
and Transfer Instructions 


Memory-reference instructions use the PC-relative, indexed, 
or auto-indexed methods of addressing memory. The 
memory increment/decrement instructions and the transfer 
instructions use the PC-relative or indexed methods of 
addressing. Immediate addressing is the addressing mode 
specific to the immediate instruction group. 


The various methods of addressing memory and peripherals 
are shown in table 2-2. 


Table 2-2. Addressing Modes 


Operand Formats 
Type of 


Addressing 
PC-relative -128 to +127 
Indexed 


Immediate (128 to +127 


-128 to +127 


Auto-indexed 


For PC-relative, indexed, and auto-indexed memory- 
reference instructions, another feature of the addressing 
architecture is that the contents of the extension register 
are substituted for the displacement if the instruction 
displacement equals -128 0. 


_2.4.4.3.1 PC-Relative Addressing 


A PC-relative address is formed by adding the displacement 
value specified in the operand field of the instruction to the 
current contents of the program counter. The displacement 
is an 8-bit twos-complement number, so the range of the 
PC-relative addressing format is -128,9 to +127 1g bytes 


[ AP" 
-128 to +127 — 
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from the current location of the program counter. During 
execution of an instruction, the program counter contains 
the address of the last byte of the instruction. The follow- 
ing examples show the use of PC-relative addressing. 


Location Generated 
Counter Code 


0005 COOE LOOP: LD TEMP ;LOAD THE VALUE 
; IN TEMPORARY 
;STORAGE 

OOOE 90F5 JMP LOOP ;REPEAT 

0014 04 TEMP: .BYTE X‘04 


The assembler assumes PC-relative addressing in the 
memory-reference and transfer instructions when no 
pointer-register operand is specified. 


2.4.4.3.2 Immediate Addressing 


Immediate addressing uses the value in the second byte of a 
double-byte instruction as the operand for the operation to 
be performed (see below). 


7 0 7 fe) 


byte 1 byte 2 


This byte is used 
as the instruction 
operand. 


For example, compare a Load Instruction (LD) to a Load 
Immediate Instruction (LDI). The Load Instruction uses 
the contents of the second byte of the instruction in 
computing the effective address of the data to be loaded. 
The Load Immediate Instruction uses the contents of the 
second byte as the data to be loaded. Because the operand 
occurs as the second byte of a 2-byte instruction, page 
boundary conditions should be observed as mentioned in 
2.4.4.2. 


2.4.4.3.3 Indexed Addressing 


Indexed addressing enables the programmer to address any 
location in memory through the use of a pointer register 
and the displacement. When indexed addressing is specified 
in an instruction, the displacement is added to the contents 
of the designated pointer register to form the effective 
address. The contents of the pointer register are not modi- 
fied by indexed addressing. Indexed addressing is used to 
access tables or subroutines, to transfer control to another 
page, or to transfer control to a section of the current page 
that is outside the range of the PC-relative transfer. The 
rules for page boundaries still apply, so the user is cau- 
tioned about crossing page boundaries when using indexed 
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COUNTER 


nine’s complement decade switches are required, since the switch must ground the counter input in order to insert a zero. At the beginning of a 
divide cycle the swallow counter and the program counter are loaded with the nine’s complement of the desired ratio and count from there 
to their respective terminal states. If a ratio of 83 is desired, the swallow counter is preset to six and the program counter to 9991. The 
Programmable counter will produce a terminal count output after eight pulses from the prescaler, but since the swallow counter was preset to 
six, the prescaler will have divided by 11 three times, by ten the other five times. As a result, the output pulse will occur after 83 input pulses. 
The prescaler modulo (K) is usually chosen to be 10, this is sufficient to bring the input frequency into TTL range. Higher modulo (20/21, 
100/101 prescalers may be implemented, if desired, with additional 9500 or 95K gates and flip-flops. 

A low cost four decade programmable divider is shown in Figure 6. It is capable of dividing by all integers from 90 to 9999. It is programmed 
by applying the nine’s complement of the desired division ratio to the four decade counters. 
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GENERAL DESCRIPTION — The 95H90 is a high speed prescaler designed specifically for ras 
communication and instrumentation applications. It will divide an input clock by either 10 or 11 at 
frequencies in excess of 240 MHz. The division ratio is controlled by the mode control. The divide by 
10 or 11 capability allows the use of pulse swallowing techniques to control high speed counting 
modulos by lower speed circuits. 


The maximum operating frequency of the circuit of Figure 6 is limited by three factors. 

1. The operating frequency of the 95H90. 

2. The delay of the path from the 95H90, through the ECL to TTL interface, the TTL logic, the TTL to ECL interface, and PE set-up time 
must be less than 10 divided by the input frequency. For 200 MHz operation this is 10/2 X 108 = 50 ns. | 

3. The terminal count ripple delay through the TTL counters. This may be a factor for low divide ratios. | 


LOGIC SYMBOL 


The 95H90 may be used in conjunction with ECL or TTL logic with power supplies of —5.2 V 
or +5.0 V. 


1/6 9016 


Figure 7 illustrates a circuit which is modified to decrease the TTL delays. A 93S10 Schottky TTL counter is utilized to reduce the delay to the 
PE input. In addition, a two stage shift counter (D & E) controls the synchronous loading of the Program counter, reducing terminal count 
ripple in two ways. First, the propagation delay of the two input NAND is eliminated. Secondly, additional time is allowed for the terminal 
count to ripple through the program counter. 


The device is packaged in an hermetic 16-lead ceramic Dual In-Line package. It is available in 
commercial 0°C to +75 C and military —55°C to +125° C temperature ranges. 
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2.4.4.3 Addressing Formats 


During execution, instructions and data defined in a 
program are stored into and loaded from specific memory 
locations, the accumulator, or selected registers. Because 
the CPU, memory (read/write and read-only), and peri- 
pherals are on a common data bus, any instruction used to 
address memory may also be used to address the peripher- 
als. The formats of the instruction groups that reference 
memory are shown below. 


Memory Reference 
Instructions 


oe 


i a 
opcode 


Memory Increment/ 


Decrement Instructions 
and Transfer Instructions 


Memory-reference instructions use the PC-relative, indexed, 
or auto-indexed methods of addressing memory. The 
memory increment/decrement instructions and the transfer 
instructions use the PC-relative or indexed methods of 
addressing. Immediate addressing is the addressing mode 
specific to the immediate instruction group. 


The various methods of addressing memory and peripherals 
are shown in table 2-2. 


Table 2-2. Addressing Modes 


Operand Formats 
Type of 


Addressing 


PC-relative -128 to +127 


Indexed 


(-128 to +127) 
128 to +127 


Immediate 


Auto-indexed 


For PC-relative, indexed, and auto-indexed memory- 
reference instructions, another feature of the addressing 
architecture is that the contents of the extension register 
are substituted for the displacement if the instruction 
displacement equals -128 jg. 


2.4.4.3.1  PC-Relative Addressing 


A PC-relative address is formed by adding the displacement 
value specified in the operand field of the instruction to the 
current contents of the program counter. The displacement 
is an 8-bit twos-complement number, so the range of the 
PC-relative addressing format is -128,9 to +127)q bytes 


-128 to +127} 


2-19 


from the current location of the program counter. During 
execution of an instruction, the program counter contains 
the address of the last byte of the instruction. The follow- 
ing examples show the use of PC-relative addressing. 


Location Generated 
Counter Code 


0005 COOE LOOP: LD TEMP ;LOAD THE VALUE 
; IN TEMPORARY 
;STORAGE 

OOOE 9OF5 JMP LOOP ;REPEAT 

0014 04 TEMP: .BYTE X‘04 


The assembler assumes PC-relative addressing in the 
memory-reference and transfer instructions when no 
pointer-register operand is specified. 


2.4.4.3.2 Immediate Addressing 


Immediate addressing uses the value in the second byte of a 
double-byte instruction as the operand for the operation to 
be performed (see below). 


7 0 7 6) 


byte 1 byte 2 


This byte is used 
as the instruction 
operand. 


For example, compare a Load Instruction (LD) to a Load 
Immediate Instruction (LDI). The Load Instruction uses 
the contents of the second byte of the instruction in 
computing the effective address of the data to be loaded. 
The Load Immediate Instruction uses the contents of the 
second byte as the data to be loaded. Because the operand 
occurs as the second byte of a 2-byte instruction, page 
boundary conditions should be observed as mentioned in 
2.4.4.2. 


2.4.4.3.3 Indexed Addressing 


Indexed addressing enables the programmer to address any 
location in memory through the use of a pointer register 
and the displacement. When indexed addressing is specified 
in an instruction, the displacement is added to the contents 
of the designated pointer register to form the effective 
address. The contents of the pointer register are not modi- 
fied by indexed addressing. Indexed addressing is used to 
access tables or subroutines, to transfer control to another 
page, or to transfer control to a section of the current page 
that is outside the range of the PC-relative transfer. The 
rules for page boundaries still apply, so the user is cau- 
tioned about crossing page boundaries when using indexed 


addressing to access tables. Such a reference results in a 
wrap-around from the end to the beginning of the page, or 
vice-versa (see 2.4.4.2). 


2.4.4.3.4 Auto-Indexed Addressing 


Auto-indexed addressing provides the same capabilities as 
indexed addressing along with the ability to increment or 
decrement the designated pointer register by the value of 
the displacement. If the displacement is less than zero, the 
pointer register is decremented by the displacement before 
the contents of the effective address are fetched or stored. 


If the displacement is equal to or greater than zero, the 
pointer register is used as the effective address, and the 
pointer register is incremented by the displacement after 
the contents of the effective address are fetched or stored. 
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NOTE 


The contents of the pointer register are 
modified by auto-indexed addressing. 


An “at sign” (@) before the displacement operand desig- 
nates an auto-indexed operation. Example: 


Generated 

Code 

C601 LD @1(P2) ;GET A BYTE FROM THE 
; TABLE, AUTO-INDEX 


Chapter 3 


SC/MP APPLICATION MODULES 


seu INTRODUCTION 


The following paragraphs provide information regarding the 
following three SC/MP application modules. 


e@ SC/MP CPU Application Module (order number 
ISP-8C/100) 

@ SC/MP RAM Application Module (order number 
LSP-8C/002) 

e@ SC/MP PROM/ROM Application Module (order 
number ISP-8C/004P) 


The application modules are intended for end application 
use or prototyping. The three modules can be intercon- 
nected to form a system that can be used to develop 
software or firmware for the intended end application. 
Together, the modules can be used to form the basis of a 
microcomputer system; thus, engineering design time is 


EJECTOR 


72-PIN EDGE CONNECTOR 
Di ea aula 3.635 


4.375 
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Figure 3-1. SC/MP Application Modules 
Dimensional Details 


reduced as compared to a system using integrated circuits as 
the basic component. 


Physically, each module is implemented on a printed-circuit 
card which is 4.375 inches by 4.862 inches (see figure 3-1). 
The small card size permits use in physically confined 
situations such as portable equipment applications. In 
addition, placing the microprocessor on one card and the 
two types of memory on two individual cards allows a 
modular configuration to be used in the system design. 


Each circuit card is equipped with a 72-pin edge connector. 
Mating connectors, a line of compatible card cages, 
extender cards, and wire-wrap breadboard cards are 
available from a variety of sources. Table 3-1 lists the 
sources of accessory equipment compatible with SC/MP 
application modules. 


Table 3—1. Sources of Accessory Equipment* 
for SC/MP Application Modules 


Paes eee 


72-contact Edge Augat 14005-17P3 
Connector Robinson-Nugent EC-721 
Stanford Applied Eng.| CDP7000-72 
National Connector 900100-36 
Cinch 50-72C-30 
Winchester HW36C0111 
Elco 00-6307 -072-309-001 
Viking 3VH36/1JND5 


8170-MG 1 
MECA-1 


13-connector Card | Augat 
Cage with Back- Robinson-Nugent 
plane Scanbe 


9-connector Card | Augat 8170-MG10 
Cage with 
Backplane 
6-connector Card | Augat 
Cage with 
Backplane 
3-connector Card | Augat 
Cage with 
Backplane 


Extender Card Augat 8136-MG13 
Robinson-Nugent EB-72 


Universal w/w Augat 8136-UMG1 
Card with Robinson-Nugent UNI-24 
Terminals 


8170-MG8 


8170-MG6 


8136-MG15 


High-density w/w | Augat 


Card with 
Terminals 


Robinson-Nugent 


Universal w/w 
Card without 
Terminals 


Robinson-Nugent (Special) 


*The accessory equipment listed in table 3—1 has not 
necessarily been evaluated by National Semiconductor. 


cae A CPU APPLICATION MODULE 


A functional block of the CPU application module is 
shown in figure 3-2. The CPU module provides both read- 
only and read-write memories plus all required buffering 
and latching circuits. Standard versions of the module 
provide 256 bytes of RAM and 512 bytes of PROM (or 


INPUT/OUTPUT 
DATA BUFFERS 
(81LS97—2 ea) 


DBO0—DB07 


ADDRESS STATUS/ADDRESS 


CHIP ee art aa 
—é2 ea 
SSS! 


ADDRESS 
ADOO—AD11 BUFFERS 


(DM 81LS97—1% ea) 


READ/WRITE/ADDRESS 
STROBE BUFFER 
(DM 81LS98) 


BREQ 

FLAG 0 OUTPUT-CONTROL 
are : BUFFER 
ect (DM 81LS97) 
NHOLD 

CONT 

NRST 

ENIN 

SIN 

SENSE A 

SENSE B 


MEMORY 


INPUT-CONTROL 
BUFFER 
(DM 81LS97) 


B SENSE 


ROM); in optional versions, the read-only memory can be 
expanded to 2,048 bytes. For applications where the fore- 
going memory capability is sufficient, the CPU module is a 
self-contained system, requiring only +5-volt and -12-volt 
power supplies. Power-on initialize and all necessary timing 
signals are generated by the module. 


MEMORY DATA 
BUFFER 
(DM 81LS97) 


READ/WRITE 
MEMORY—RAM 
(MM 2101-2 ea) 


PROM-—5204 
ROM — 5214 


READ ONLY 
MEMORY—PROM/ROM 


WRITE READ 
STROBE STROBE 


BUSREQ 
HALT 
DELAY 
| FETCH 
READ 
FLAG 0 
FLAG 1 
FLAG 2 
SOUT 


ROMSEL 
Oj DM 74LS00 
Oj} DM 74LS00 

RAMSEL 
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Figure 3-2. SC/MP CPU Application Module, Functional Block Diagram 


As shown, the 4 most significant address bits (AD12-AD15) 
and the input/output status signals (H-Flag, D-Flag, I-Flag 
and R-Flag) are latched; other input/output lines use LS- 
series buffers. This particular series of buffer elements 
requires extremely small input currents; thus, loading is 
minimal and, if required, the CPU module can easily service 
a memory capacity of 65K bytes. 


If system memory exceeds the on-card capability, three 
memory-control signals (MEMSEL, RAMSEL, and ROM- 
SEL) must be supplied by the user; these signals can be 
derived from the module-select/memory-select logic on the 
RAM or PROM/ROM applications modules. Unless the 
RAM module is selected, the MEMSEL®* signal is high- 
impedance (open circuit); with the module selected, the 
signal is active low. The same set of conditions apply to the 


MEMSEL* line on the PROM/ROM module. All MEMSEL* 
lines are wire-ANDed, and, as shown in figure 3-2, the 
common MEMSEL* line forms one leg to the memory- 
select gates on the CPU module. When a memory module is 
selected, MEMSEL* is low and the memories of the CPU 
module are locked out. When no memory card is selected, 
the MEMSEL* line is high and the CPU RAM or ROM 
memory can be selected — RAM if RAMSEL is high and 
ROM if ROMSEL is high. 


If the CPU module is used as a stand-alone system, the 
MEMSEL* signal can be wired high and address bit 10 can 
be used, via the ENI/ENI* inverter, to select PROM/ROM 
or RAM memory. A timing summary of the CPU card is 
shown in figure 3-3. 


INPUT/OUTPUT 
STATUS/ADDRESS VALID 
x AD 12 — AD 15 VALID 


x AD 00 — AD 11 VALID 
ADDRESS STROBE 
a. ADDRESS Timing \ 7 


WRITE STROBE 
b. WRITE Timing ea 


—— DATA STABLE ——#>| 
| 


DATA TO SCAMP 
| 


Shs READ STROBE a7, 
c. READ Timing 
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Figure 3-3. Timing Summary of CPU Module 
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3.3 RAM APPLICATION MODULE currents; a 65K-byte memory can be configured without 

‘ “it; excessive loading of the buses. Both the read (BRDS) and ( 
A functional block diagram and Hming ela of the write (BWDS) strobes are buffered and remain inactive until 
RAM application module is shown in figure 3-4. Basically, selected by the contro! circuits. The preset logic (PS1 


the module consists of 16 IKby-1 RAMs set up in a through PSS) allows the RAM module to assume any one of 
2K-by-8 array (2,048 bytes), input/output buffers, and the 32 unique designations, thus providing a reasonable 


required control circuits and module-select logic. The memory/peripheral complement for system development. 
buffers are LSI devices that draw extremely low input 


DATA 
RANDOM ACCESS TRANSCEIVER 
MEMORY —2K x8 (DM 8839-2 ea) 
(Typical of Sixteen 
MM2102) 


ADDRESS BUFFER 
(81LS97) 


FROM CPU MODULE 


AS000301 


MEMSEL* 


TIMING SUMMARY 
MODULE-SELECT ' y 


LOGIC 
(DM 8131) BAOO-BA10  — p> x ADDRESS VALID 
BA11-BA15 -_— x ADDRESS VALID 


MEMSEL* 


BRDS* 


CONTROL BDO0—BD07 


CIRCUITS 


BWDS * ——__p> 
WRITE STROBE STROBE 
(BWDS*) Tie Active 
READ STROBE 
(BRDS*) a STROBE ACTIVE —e, 


Figure 3-4. SC/MP RAM Application Module, Functional Block Diagram and Timing Summary 


The preset logic can be implemented at the card-edge 
connector or the card itself. When the address code (BAI 1 
through BAIS) matches the preset code (PS1 through PSS), 
the module is selected — unless NMD is set low; as long as 
NMD is low, the module is disabled (that is, it cannot be 
selected). Unless the RAM module is selected, the 
MEMSEL* signal is high-impedance (open-circuit); with the 
card selected, the signal is active low. 


3.4 PROM/ROM APPLICATION MODULE 


Except for control differences and memory array, the 
PROM/ROM module shown in figure 3-5 is functionally 


ADDRESS BUFFER 
(81LS97) 


MEMORY SELECT 
(DM 7442) 


CONTROL 
CIRCUITS 


MODULE-SELECT 
OGIC 


L 
(DM 8131) MEMSEL* 


NS 10449 


READ ONLY 
MEMORY-4K x 8 
(PROM—5204; ROM—5214; 
MAXIMUM OF 8 IN 
COMBINATION ) 


CHIP SELECT 


Oa G EOE 


Pepe EG TIMING SUMMARY 7 —_ 


BAOO-—BA10 ——p> x ADDRESS VALID 

BA11—BA15 —— >> x ADDRESS VALID 

feelieks acon — Nae STROBE ACTIVE asf, 
BD00O-—BD07 ——>> x 


equivalent to the RAM module described in the preceding 
paragraph. Since the PROM/ROM module uses a 4K-by-8 
array, 12 bits are required for address and only four presets 
(PS1 through PS4) are required for module. selection. 
Because memory is read-only, a write (NWDS) strobe is not 
necessary. PROM or ROM devices can be plugged into the 
module. 


OUTPUT BUFFER 
(81LS95) 


MEMSEL* 


—<_——._ +5 V 


pee PAY 


~<ai————-__ GRD 


Figure 3-5. SC/MP PROM/ROM Application Module 3h uncHonal Block Diagram and Timing Summary 


Chapter 4 


SC/MP SYSTEMS 


4.1 INTRODUCTION 


Presently, there are two SC/MP-based systems — (1) the 
“SC/MP Development System” for those users whose 
primary concern is “low-cost” development and (2) the 
“Universal Development System” for those users who 


require a complete software complement and must inter- 


face with a number of peripherals. 


4.2 SC/MP DEVELOPMENT SYSTEM 


The SC/MP low-cost system is centered around the appli- 
cations modules described in chapter 3. It provides an 
excellent, yet inexpensive debugging tool for almost any 
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hardware application. A simple control panel permits the 
user to display and modify CPU registers, memory con- 
tents, and to view step-by-step actions and reactions. 
Registers and memory locations can be examined, modi- 
fied, and debugged; thus, the overall development cycle can 
be shortened by weeks — even months. 


4.3 UNIVERSAL DEVELOPMENT SYSTEM 


This system is heavily supported by software, a large 
complement of input/output peripherals, and interface 
features that provide efficiency in both software and 
hardware development. 


Chapter 5 


SC/MP SUPPORT FUNCTIONS 


at, TECHNICAL CONSULTATION 


Once your microprocessing needs are defined, the following 
questions arise: 


a. How can SC/MP solve my problem? 
b. How soon can SC/MP solve my problem? 
c. Is the SC/MP solution the one I want? 


There are many ways SC/MP and its supporting chips can 
be used to solve a particular problem. The sales representa- 
tive works continually with our applications engineers and 
other highly specialized technical personnel to solve your 
particular problem; that is how SC/MP can best serve you. 
Your application may require lots of hardware and little 
software; little hardware and lots of software; or, generally, 
some in-between compromise. SC/MP with its supporting 
family of input/output chips, control chips, memory chips, 
and other peripherals plus the SC/MP development software 
are adaptable to a large variety of system configurations. 
Also, you can depend on the counsel of our microprocessor 
field specialists and in-house applications engineers to assist 
you in applying SC/MP to solve your particular design 
problems. 


“How long does all of this take?” Well, SC/MP and sup- 
porting chips are available now, so it is really a matter of 
when to start; and, of course, that is up to you. Last, but 
not least, “Is SC/MP the way to go?” Even our competitors 
would think twice before saying NO to this question and 
believe it — we can provide a lot of good reasons for saying 
YES. 


Let us now look at specifics in the overall consultation/ 
product-support chain that links National Semiconductor 
to you, the user. 


Sr bst Microprocessor Specialist 


The area sales representative who responds to your initial 
inquiry is ably assisted by a microprocessor specialist. This 
individual is equipped technically to help analyze your 
application, to translate your needs into a viable hardware/ 
software configuration, and then to follow it through to 
system delivery. Even though the specialist knows micro- 
processing systems, in fact, knows them very well, he still 
must have the best of tools, and these he has in SC/MP and 
its supporting family of chips — in addition to the broad 
line of semiconductor products manufactured by National 
Semiconductor. 


Over and above the hardware tools, the field specialist has 
instant access to a very select assortment of people-tools; 
these include experts in applications, design, manufacturing 
and marketing. In short, the microprocessor specialist 
provides a flexible technical interface that can assist you, 
the user, in any part of the microprocessing spectrum — 
from very simple to very complex applications. 


To best serve our customers in the U.S.A and nearby 
territories, each of four general areas are divided into 
regions with each region being serviced by at least one 
microprocessor specialist. Likewise, our international 
customers have access to the same expertise (in their native 
language) from a number of points on the globe — Germany 
for European customers, Japan for Asian customers, 
Scotland for United Kingdom customers, Australia for 
customers in that part of the world; and our U‘S. offices 
serve our good neighbors South of the border, while our 
Canadian neighbors are served either from Canadian offices 
or U.S. offices. As you can see, SC/MP and its supporting 
family of chips are multilingual and have no geographic 
barriers. 


3:12 Applications Support 


So far we have met people in the field whose primary 
concerns are sales, system delivery, and operating integrity 
of the delivered equipment. Let us now examine the next 
link in the product-support chain — “chow to use micro- 
processors.” It is not practical or economically feasible to 
have a factory consultant stay with each microprocessor we 
sell, so we do the next best thing. Our applications engi- 
neers have anticipated most of your problems and have 
generated application notes that, in most cases, will provide 
a solution. Not only is the application note a problem- 
solving device, it also is a functional tool that may open up 
areas of use not previously explored. The applications 
service is free and we urge you to use it — think of it as free 
manpower because that is exactly what it is. 


ayes TRAINING 


He who trains is he who understands and to this purpose, 
National Semiconductor operates three training centers. 
The Eastern center is located in Miami, Florida; the Mid- 
western center in Dallas, Texas; and the Western center is 
located near San Francisco, in Santa Clara, California. Each 
training center is fully equipped and professionally staffed 
to provide students with a good mix of hardware/software 
theory and hands-on laboratory experience. Course curri- 
cula vary in complexity from “Fundamentals of Micro- 
processors” for those technical personnel who have never 
worked with programmable systems to “Advanced Pro- 
gramming” for those who have microprocessor back- 
grounds. 


Currently, the following courses are offered to support 
SC/MP. 


MICROPROCESSOR FUNDAMENTALS — This course is 
designed for the engineer, technician, or manager who is 
not familiar with programmable systems. It covers stored 
program concepts, number systems, logic, input/output 
control, use of standard software (assemblers, editors, 
loaders, debug, subroutine packages), simple programming 
concepts, and an overview of available microprocessors with 
a guideline of how to select a microprocessor for a specific 
application. There are no prerequisites for this course, but a 
knowledge of digital design techniques, binary numbers, 
hexadecimal numbers, and Boolean algebra would be 
helpful. 


SC/MP APPLICATIONS — This is an in-depth course 
covering the SC/MP microprocessor. Subjects covered are 
architecture, instruction set, input/output structure, inter- 
face design, applications design, use of development 
systems, available peripherals, and standard and optional 
software. Lab time is emphasized using experimental 
peripheral devices and development systems. Prerequisites: 
knowledge of basic microprocessor concepts, use of stan- 
dard software such as assemblers and utilities, some expo- 
sure to assembly language programming, and some know- 
ledge of interfacing techniques. Anyone unversed in any of 
these subjects should attend the Microprocessor Funda- 
mentals Course before attending the SC/MP Application 
Course. 


ADVANCED PROGRAMMING — Many engineers and 
programmers are finding that programming a microproces- 
sor for a real-time application is considerably different from 
programming a minicomputer for a data-processing job. 
This course is designed for the engineer or programmer who 
must write complex applications software. Some of the 
subjects covered are real-time concepts, fixed-frequency 
events, time-of-day events, random external events, inter- 
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rupt programming, real-time subroutines, program-called 
subroutines, programming complex math functions, hard- 
ware/software trade-offs, and system timing considerations. 
The IMP-16; PACE, and SC/MP microprocessors are used as 
the training machines in this course. Numerous examples 
are given, and the student is required to solve numerous 
problems in the training center laboratory. Prerequisites: 
thorough understanding of microprocessor fundamentals 
and characteristics; an understanding of assemblers, editors, 
debugs, loaders, and subroutine libraries; experience in 
programming at the assembly-language level. 


NOTE 


The Microprocessor Fundamentals Course 
alone is not adequate preparation for this 
course. However, anyone who has the 
experience described but would like some 
refresher training before attending this 
course should attend the IMP-16/PACE 
Applications or SC/MP Applications 
Course. 


All courses include four days of class schedules (Monday 
through Thursday) and a fifth day where the laboratory is 
opened to students for additional hands-on experience and 
for individual consultation with instructors. 


Tuition for each course is $395.00, payable when enroll- 
ment is accepted. Enrollments should be made at least two 
weeks in advance of scheduled class start. Before remitting 
tuition, we suggest you check with the appropriate training 
center (listed below) to be sure space is available in the 
desired course. To ensure adequate facilities, class sizes are 
limited. 


Training center addresses and telephone numbers are as 
follows: 


Eastern Microprocessor Training Center 
National Semiconductor Corporation 
2721 Bayshore Drive South, Suite 121 
Miami, Florida 33133 

Telephone: (305) 446-8309 


Central Microprocessor Training Center 
National Semiconductor Corporation 

13773 North Central Expressway, Suite 1132 
Dallas, Texas 75231 

Telephone: (214) 690-4552 


Western Microprocessor Training Center/470 
National Semiconductor Corporation 

2900 Semiconductor Drive 

Santa Clara, California 95051 

Telephone: (408) 732-5000, Ext. 7183 


5.3 FACTORY SERVICE 


It would be nice to say that SC/MP.and its supporting chips 
never fail and are never damaged; however, this would not 
be a credible statement. Nonetheless, failures are rare and 
the reasons are worth mentioning. In many companies, 
quality control occurs at the end of the design and manu- 
facturing cycle; hence, they check overall performance of 
the chain without much regard for the individual links. At 
National Semiconductor, we believe in the old adage, no 
chain is stronger than its weakest link — and we react 
accordingly. Quality control is an integral part of each link 
in the chain — from concept through completion. Even 
after each link meets performance specifications, the end 
product is again checked for integrity of operation and, 
after a prolonged burn-in, it is further checked for relia- 
bility. 


According to “Murphy’s Law,” some failures will still occur 
in the field. If it happens to you, here is what you can 
expect from us. Upon receipt of the failed card or system, 
we strive for a turn-around time of five working days and, 
in most cases, we are successful. If the equipment is under 
warranty, there is no charge for repairs; you pay the freight 
one way, and we pay it the other way. If equipment is not 
under warranty, you are charged at the rate of $35 per hour 
plus parts and applicable tax; the minimum charge is $50. 


Questions you may have should be addressed to personnel 
that will provide the fastest response: may we suggest the 
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sales representative for anything relating to price and deli- 
very and your microprocessor specialist as a first source for 
technical questions. Feel free to contact applications 
engineering at National Semiconductor for those technical 
questions the specialist cannot answer. 


5.4 USER GROUP 


National Semiconductor sponsors COMPUTE (Club Of 
Microprocessor Programmers, Users, and Technical Ex- 
perts). This user group is dedicated to the world-wide 
distribution of your ideas and techniques relating to the use 
of microprocessors. Members of COMPUTE communicate 
on a regular basis by way of The Bit Bucket, a newsletter 
published by National Semiconductor. In The Bit Bucket, 
you will find everything from soup to nuts — even a user- 
submitted software library. So get involved with SC/MP and 
COMPUTE; they make an excellent partnership. You can 
meet the former by calling your nearest sales representative 
and the latter by writing to the following: 


COMPUTE/470 

National Semiconductor Corporation 
2900 Semiconductor Drive 

Santa Clara, California 95051 
Telephone: (408) 732-5000, Ext. 7183 


Don’t forget the /470 in the address. That’s our mail stop, 
and your letter will be delayed (or worse yet, lost) without 
it. 


Appendix A 


INSTRUCTION SET SUMMARY AND RELATED INFORMATION 


Al INTRODUCTION > 


Tables A-1, A-2,and A-3, respectively, define the SC/MP. 
instruction set in terms of symbols and notations, memory- 
reference formats, and a descriptive summary of each 


instruction with reference to the overall input/output 
period in microcycles. The information in figure A-1 is a 
valuable design aid when SC/MP processors are used in a 
cascade artangement, or in other applications that require 


extensive time-sharing of the buses. 


instruction. Figure A-1 shows the bus utilization for each 


Table A-1. Symbols and Notations 


AC 
ea 
data 
disp 


+ 


ae i Pa 


8-bit Accumulator. 
Carry/Link Flag in the Status Register. 
Signed, 8-bit immediate data field. 


Displacement, represents an operand in anonmemory reference 
instruction or an address modifier field in a memory reference 
instruction. It is a signed twos-complement number. 


Effective Address as specified by the instruction. 


Extension Register; provides for temporary storage, variable 
displacements, and separate serial input/output port. 


Unspecified bit of a register. 
Interrupt Enable Flag. 


Mode bit, used in memory reference instructions. Blank parameter 
sets m = 0, @ sets m = 1. 


Overflow Flag in the Status Register. 


Program Counter (Pointer Register 0); during address formation, 
PC points to the last byte of the instruction being executed. 


Pointer Register (ptr = 0 through 3). The register specified in 
byte 1 of the instruction. 
Pointer register bits; n:m = 7 through O or 15 through 8. 


Serial Input pin. 

Serial Output pin. 

8-bit Status Register. 

Means “contents of.” For example, (EA) is contents of 
Effective Address. 

Means optional field in the assembler instruction format. 
Ones complement of value to right of V 

Means “‘replaces.”’ 

Means “‘is replaced by.” 

Means “exchange.” 


When used in the operand field of instruction, sets the mode bit 
(m) to 1 for auto-incrementing/auto-decrementing indexing. 


Modulo 10 addition. 
AND operation. 
Inclusive-OR operation. 
Exclusive-OR operation. 
Greater than or equal to. 
Equals. 

Does not equal. 
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Table A-2. SC/MP — Memory Reference Formats 
Assembler 
Source 


we eee Formats 
Addressing ae Produced By Assembler 


Lee oe 
era 
Rie 


Auto-indexing —128 to +127 @ disp (ptr) 


“Note: If disp = —128, then (E) is substituted for (disp) in calculating EA 
as well as in performing auto-indexing. 
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Figure A-1. Bus Utilization of Each Instruction 
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Figure B-1. Interfacing 
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Appendix B 


SC/MP INTERFACE WITH KEYBOARD AND DISPLAY 


B.1 INTRODUCTION 

Figure B-1 schematically shows how SC/MP can be used to 
interface with a keyboard and a display. The interface logic 
uses standard components and is capable of full numeric 
and partial alphabetic display. 

B.2 DESCRIPTION 

The keyboard is a matrix of single-contact (N.O.) push- 
button switches arranged in a 6—by—8 array. The input 
matrix could be a typewriter keyboard, a calculator key- 
board, or even a musical-instrument keyboard. Although 
the example shown uses a 48-key array, the same interface 
concepts may be used for switching arrays of other sizes. 


Information is read from the keyboard by software scan- 
ning. A row is driven with an open-collector inverter from 
the address bus. When a switch closure is made, the bit in 
the corresponding column is pulled down to a logic ‘0’. 
This signal is inverted by the DM8834 and is read onto the 
data bus when the interface is selected and the read strobe 
(RDS*) is low. Accordingly, a logic ‘1’ appears in the bit 
positions corresponding to closed switches. 


The keys can be read simultaneously to determine if any 
switches are closed. Reading of the matrix is accomplished 
by setting the 6 lower bits of the address high and perform- 


B-1 


ing a load from the keyboard-display interface. If there 
are no switch closures, the contents of the accumulator is 
zero. If a key is pressed (switch closed), the software per- 
forms a keyboard scan to determine the key that is de- 
pressed. In the software example that follows, the switch 
is binary represented in memory location SWITCH. 


As shown in figure B-1, the display is a standard calculator- 
type display (NSA1198). The display is driven directly by 
the DM74175 latches. Decimal point and segment data are 
sent out over the data bus. Because segment decoders are 
not used, a lookup table to decode the decimal-point and 
segment data must be provided by user software. These 
data are latched when the keyboard interface is selected 
and the write strobe (WDS*) is low; at the same time, the 
display digit is selected by ABOO through ABO7. While 
writing into the display, no more than one address bit 
should be high. (Note: to avoid digit flicker, the display 
must be continuously refreshed.) Larger displays may be 
used if additional segment and digit drivers are used. 


To select the keyboard-display interface, an address de- 
coder or one of the most significant address bits can be 
used. The CONT, NHOLD, and NRST signals are ORed 
together; so if the processor is halted or cleared, the display 
is blanked. Refer to the following flowcharts and sample 
program for one possible software implementation of this 
system. | 


SCAN = DISPLAY 
KEYBOARD = 


READ IN 
DIGIT 
POINTER 


SET SWITCH 
VALUE = 0 


WAIT ~ 5 MS SET POINTER 

AND INITIALIZE POINTER = 0 TO NUMBER 
READ IN SWITCH VALUE OF DIGITS 
ALL KEYS 


ADD 8 TO 
SWITCH 
VALUE 


READ IN 
NEXT ROW 


READ 
NEXT DIGIT 
FROM MEMORY 


WAIT 5 MS AND 
READ ALL KEYS 


ARE ANY INCREMENT SHIFT ROW 


PRESSED ies RIGHT 


STORE IN 
NEXT LED 
DIGIT 


SHIFTED 
VALID RELEASE VALUE =0 


RESET MODE 
DONE: } ----} ves 


SET MODE 


O) 
--1 DISPLA: 


TO SWITCH 
GO TO DISPLAY PROCESSING : GO TO SCAN 
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; x = | Sens - Ae a ca) 
ee Pes , 


THE SRA: we INE 
SEVEN SEGMENT DISPLAY. 


STORES THE NEXT 
“DECODED DIGIT INTO THE APPROPRIATE. 


- 
; THE DIGITS HAVE BEEN DECODED BY THE USER'S 
$ PROGRAM AND ARE STORED IN MEMORY LOCATIONS 
; POINTED TO BY P2 AND THE CORRESPONDING 
ee OFFSET "DIGSEL". 
DISPLA: LDI FPLOC ; FPLOC IS LOCATION OF PANEL 
; XPAH —P3 ; P3 POINTS TO PANEL 
: LDI 0 
; Pe XPAL PB ; CLEAR P3L 
DLD DIGSEL(P2) ; DIGSEL IS APPROPRIATE OFFSET 
INZ NEXT 
LDI 01 ; SET UP DIGDRV 
ST DIGDRV(P2) 
LDI 8 ; RESET DIGSEL TO NO. OF DIGITS 
ST DIGSEL(P2) 
NEXT:  XAE ; DIGSEL TO E 
R LD -128(P2) ; READ DECODED DIGIT INTO AC 
XAE ; SAVE DIGIT IN E 
LD DIGDRV(P2) ; DIGDRV TO AC 
RR ; ROTATE INTO NEXT LOCATION 
ST DIGDRV(P2) ; SAVE NEW VALUE 
XAE ; DIGDRV TO E 
q ST -128(P3) ; STORE AC INTO NEXT DIGIT 


THE KEYBOARD SCAN ROUTINE SCANS 
48 KEYS AS A 8 X 6 MATRIX. 
THE RESULT IS A BINARY NUMBER 


STORED IN MEMORY LOCATION 


we et oe ee ee 


"SWITCH" 


CCL ; CLEAR CARRY 
[ LOI 0 
| ST SWITCH(P2) ; CLEAR SWITCH WORD 
ae | LD 03F(P3) ; READ ALL KEYS 
: ye es? NONE ; IF = 0, NO KEYS ARE PRESSED 
LD KEYMD(P2) ; READ IN KEY MODE 
NZ DISPLA ; IF NOT 0, WAITING FOR RELEASE 
a DLY 5 ; DEBOUNCE ABOUT 5 MS 
My ; LDI 020 ; INITIALIZE ROW DRIVER 
. LOOP: _XAE ; ROW DRIVER T0 E 
e LD -128(P3) ; READ ROW INTO AC 
a INZ SHIFT ; IF NOT ZERO, VALID KEY FOUND 
LD SWITCH(P2) 
ADI 8 ; INCREMENT SWITCH BY 8 
ST — SWITCH(P2) 
ae XAE ; ROW DRIVER TO AC 
Ate RR ; ROTATE FOR NEXT DIGIT 
ie. 7 JZ DISPLA ; 
ae JMP LOOP 
SHIFT: SR 
JZ DONE ; IF = 0, SWITCH IS DECODED 
XAE ; SAVE IN E 
ILD SWITCH(P2) ; INCREMENT SWITCH VALUE 
XAE ; RECALL WORD FOR NEXT SHIFT 
JMP SHIFT ; REPEAT PROCESS UNTIL = 0 
NONE: LD KEYMD(P2) ; READ IN KEY MODE 
Pat) DISPLA ; IF 0, NOT WAITING RELEASE 
; DLY 5 ; DEBOUNCE RELEASE 5 MS 
Lo 03F(P3) ; READ ALL KEYS 
INZ DISPLA ; IF 0, KEY RELEASE IS VALID 
ST KEYMD(P2) ; SET KEY MODE = 0 ON RELEASE 
JMP DISPLA ; GO TO DISPLAY ROUTINE 
DONE:  LDI 1 ; SET KEY MODE = 1 FOR RELEASE 
uST KEYMD(P2) ; SCAN ON NEXT PASS 
ie - »PAGE 


SEGMENT DISPLAYS 


ECODE (BYTE O3F. 
-BYTE 006 
SBXGE = | OSB 
-BYTE O4F 
«BYTE 066 
-BYTE 06D 


wee Oe ee ee Oe ee Oe we Oe we OF we we Ot we we 


THIS IS THE LOOKUP TABLE USED TO GENERATE 
DISPLAY CODES FOR THE MULTIPLEXED SEVEN 


" 0 u" 
vat | " 
" 2 " 
Bi 
" 4 " 
" 5 " 
" 6 " 
" / " 
gu 
gu 
UF oad 
W B W 
wen 
up" 
wen 
wen 


(408) 732-5000 


TWX: 910-339-9240 


National Semiconductor GmbH 
808 Fuerstenfeldbruck 
Industriestrasse 10 

West Germany 

Telephone: (08141) 1371 
Telex: 05-27649 


REGIONAL AND DISTRICT SALES OFFICES“ 


ALABAMA 
DIXIE REGIONAL OFFICE 


3322 Memorial Parkway, S.W. #67 
Huntsville, Alabama 35802 

(205) 881-0622 

TWX: 810-726-2207 


ARIZONA 
ROCKY MOUNTAIN REGIONAL OFFICE 


7353 Sixth Avenue 
Scottsdale, Arizona 85251 
(602) 945-8473 

TWX: 910-950-1195 


CALIFORNIA 

* NORTH-WEST REGIONAL OFFICE 
1333 Lawrence Expressway, Suite 258 
Santa Clara, California 95051 
(408) 247-6397 
TWX: 910-379-6432 


*LOS ANGELES REGIONAL OFFICE 


Valley Freeway Center Building 
15300 Ventura Boulevard, Suite 305 
Sherman Oaks, California 91403 
(213) 783-8272 

TWX: 910-495-1773 


* SOUTHERN CALIFORNIA REGIONAL OFFICE 
17452 Irvine Boulevard, Suite M 
Tustin, California 92680 
(714) 832-8113 
TWX: 910-595-1523 


DISTRICT OFFICE 


8333 Clairemont Mesa Blvd., Suite 213 
San Diego, California 92111 

(714) 565-8411 

TWX: 910-335-1566 


CONNECTICUT 
DISTRICT OFFICE 


MID-ATLANTIC REGIONAL SALES OFFICE 
Piersall Bldg., Suites 214-215 

Wilton Center 

Wilton, Connecticut 06897 

(203) 762-0378 

TWX: 710-479-3512 


INTERNATIONAL SALES OFFICES 


AUSTRALIA 

*NS ELECTRONICS PTY, LTD. 
Cnr. Stud Road & Mountain Highway 
Bayswater, Victoria 3153 
Telephone: 03-729-6333 
Telex: 32096 


BELGIUM 

NATIONAL SEMICONDUCTOR BELGIUM 
789 Ave. Houba de Strooper 

1020 Bruxelles 

Telephone: 02-478-3400 

Telex: 61 007 Natsem B 


CANADA 
NATIONAL SEMICONDUCTOR 
DISTRICT OFFICE 


268 Wildcat Road 
Downview, Ontario M3J 2N5 
(416) 630-5751 

TWX: 610-492-1337 


DENMARK 
NATIONAL SEMICONDUCTOR DENMARK 


Nyhavn 69 

1051 Copenhagen 
Telephone: (1) 153110 
Telex: 160 39 


* Microprocessor System Specialist Available 


National Semiconductor Corporation NS Electronics SDN BHD * 
2900 Semiconductor Drive Batu Berendam “ 
Santa Clara, California 95051 Free Trade Zone 


Malacca, Malaysia 


g 


After March 8, 1976, call (408) 737-5000 Telephone: 5171 


Telex: NSELECT 519 MALACCA (@/o Kuala Lumpur) 
National Semiconductor (UK) Ltd. NS Electronics (PTE) Ltd. 


Larkfield Industrial Estate No. 1100 Lower Delta Rd. 
Greenock, Scotland Singapore 3 

Telephone: GOUROCK 33251 Telephone: 630011 

Telex: 778 632 Telex: NATSEMI RS 21402 


FLORIDA NEW JERSEY , : 
*CARIBBEAN REGIONAL OFFICE DISTRICT OFFICE . 
2721 South Bayshore Drive, Suite 121 140 Sylvan Avenue 
Miami, Florida 33133 Englewood Cliffs, New Jersey 07632 
(305) 446-8309 (201) 461-5959 ~ 
TWX: 810-848-9725 TWX: 710-991-9734 E 
ILLINOIS oes ee 
ommerce Drive 
* WEST-CENTRAL REGIONAL OFFICE Cranford, New Jersey 07016 
800 E. Northwest Highway, Suite 203 (201) 272-3344 
Mt. Prospect, Illinois 60056 TWX: 710-996-5803 a 
(312) 394-8040 
TWA: 910-689-3346 DISTRICT OFFICE 
304 Haddon Avenue 
INDIANA Haddonfield, New Jersey 08035 
*WEST-CENTRAL REGIONAL OFFICE (609) 629-5704 
P.O. Box spare e NEW YORK 
Indianapolis, Indiana 46240 “4 
(317) 255-5832 CAN AM REGIONAL OFFICE 
TWX: 810-341-3300 104 Pickard Drive 
Syracuse, New York 13211 
MARYLAND (315) 455-5858 
CAPITAL REGIONAL OFFICE REGIONAL OFFICE (IBM only) 
95 Aquahart Rd., Suite 204 576 South Road, Rm. 128 
G!en Burnie, Maryland 21061 Poughkeepsie, New York 12601 
(301) 760-5220 (914) 462-2380 
TWX: 710-867-0508 TWX: 510-248-0043 r 
MASSACHUSETTS OHIO # 
**NORTH-EAST REGIONAL OFFICE DISTRICT. OFFICE =) a 
#8 Wallis Ct. Financial South Building 
Lexington, Massachusetts 02173 9335 Far Hills, Suite 214 
(617) 861-6090 Dayton, Ohio 45429 
TWX: 710-332-0166 (513) 434-0097 
TWX: 810-459-1615 
MICHIGAN TEXAS 
REGIONAL Beate: * SOUTH-CENTRAL REGIONAL OFFICE 
27650 Farmington Rd. ; 
Farmington Hills, Michigan 48024 Doe eee ee Suite 
(313) 477-0400 (214) 690-4552 
TWX: 810-242-2902 TWX: 910-867-4741 
MINNESOTA : WASHINGTON 
DISTRICT OFFICE DISTRICT OFFICE 
8053 Bloomington Freeway, Suite 101 3 300 120th Avenue N.E. 
Minneapolis, Minnesota 55420 : Building 2, Suite 205 
(612) 888-3060 Bellevue, Washington 98005 
Telex: 290-766 (206) 454-4600 
BRITAIN ITALY 
*NATIONAL SEMICONDUCTOR (UK) LTD. * NATIONAL SEMICONDUCTOR SRL 
19 Goldington Rd. Via Alberto Mario 26 
Bedford 20146 Milano 
Telephone: 0234-211262 Telephone: (02) 4 69 28 64/4 69 23 41 
TWX: 826209 ; Telex: 36-540 
FRANCE JAPAN 
NATIONAL SEMICONDUCTOR FRANCE * NATIONAL SEMICONDUCTOR JAPAN 
Expansion 10000 Nakazawa Building _ 
28 rue de la Redoute 1-19 Yotsuya, Shinjuku-Ku 160 : 
92-260 Fountenay Aux Roses Tokyo, Japan ba 
Telephone: 660.81.40 ' Telephone: 03-359-4571 5 3 
Telex: NSF 25956F+ Telex: J 28592 
GERMANY SWEDEN 
* NATIONAL SEMICONDUCTOR GmbH * NATIONAL SEMICONDUCTOR SWEDEN 
8000 Munchen 81 Sikvagen 17 ae 
Cosimastr. 4/1 13500 Tyreso-Stockholm 
Telephone: 089/915027 Telephone: 08/7 1204 80 
Telex: 05-22772 Telex: 112 93 
HONG KONG TAIWAN 
NS ELECTRONICS (HONG KONG) Ltd. NS ELECTRONICS (HK) LTD. 
8th Floor Cheung Kong Electronic Bldg. TAIWAN LIAISON OFFICE 
4 Hing Yip Street Rm. B, 3rd FI., Ching Lin Bldg. 
Kwun Tong ##5-7 Ching Tao E. Road 
Kowloon, Hong Kong P.O. Box 68-332 Taipei 
Telephone: 3-411241-8 Telephone: 3917324-6 
Telex: 73866 NSE HK HX Telex: 22837 NSTW 
Cable: NATSEMI Cable: NSTWTAIPE! 


P5C0M16 ©1976 NATIONAL SEMICONDUCTOR CORP. PRINTED IN U.S.A. 


> 


